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Acremonium chrysogenum is a filamentous fungus, which is industrially important as 
the major producer of cephalosporin C (CPC) used for the production of a great 
variety of semi-synthetic antibiotics. Studies of the fungal metabolic pathway 
provide valuable alternatives for strain improvement by rational genetic engineering. 
CPC is a natural product of A. chrysogenum. The compound can be converted to 
7-aminocephalosporanic acid (7-ACA), the nucleus that is being used in production 
of semi-synthetic cephalosporin-type antibiotics. However, CPC is relatively 
unstable in fermentation broth and its degradation leads to severe decrease in 
r 
production titer. Deacetylcephalosporin C (DAC) is the metabolic precursor of 
CPC. It is more resistant to degradation than CPC and can be enzymatically 
converted to CPC under the presence of an acetyl donor. Recently, DAC substitutes 
i 
valuable alternative of cephalosporin nucleus and possesses superb market value and 
clinical importance. 
Natural producer of DAC is unavailable, and it is not cost effective and 
environmentally-safe to produce DAC by chemical synthesis. Therefore, DAC 
producing strains are needed and they can be generated by pathway manipulation. 
DAC producing strains were generated in this study and their DAC productivity was 
compared. Furthermore, the influences of fermentation media from published 
literatures were studied. Various medium components were compared for their 
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1.1 Thesis outline 
This thesis contains six chapters. In chapter one, the general information of 
Acremonium chrysogenum is presented. Contents in this chapter include the 
background of A. chrysogenum and its industrial significance, the antibiotic 
biosynthetic pathway, previous works in genetic modification, and aims of this 
project. 
In chapter two, the construction of transformation cassettes for metabolic engineering 
of A. chrysogenum would be described. 
In chapter three, A. chrysogenum transformation would be reported. Various 
parameters were studied and the procedures were optimized. The improved 
protocol generated more transformants (4 fold higher) with respect to conventional 
methods, thus reducing the cost and greatly facilitating screening of transformants. 
In chapter four, generation and screening of transformants would be described. 
Transformants were subjected to a two-tier hygromycin B screening followed by 
1 
HPLC analysis. Their genotypes were analyzed by PGR and Southern 
hybridization. 
In chapter five, the fermentation conditions of the generated strains were studied. 
The DAC producing ability of selected transformants were compared and evaluated. 
Components of fermentation media were optimized by factorial design. 
In chapter six, conclusive remarks and future prospects of this study would be given. 
Finally in the Appendix, a method for massive preparation of plasmid DNA would be 
described. The feasibility of repeated use of commercial plasmid purification kits 
was examined. 
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1.2 A. chrysogenum 
A. chtysogenum is a filamentous fungus, which plays an important role in antibiotic 
industry. It was named Cephalosporium acremonium and was isolated in 1945 
from a sewage outlet (Brotzu, 1948). The culture broth contained antibiotic 
substance which inhibited Staphylococci, Streptococci, Bacillus anthracis, 
Eberthella typhi’ Vibrio cholerae and Brucella melitensis. The antibiotic substance 
was later extracted and known as CPC (http://en.wikipedia.org/wiki/Cephalosporin). 
CPC is clinically ineffective but its derivative, 7-ACA, is a useful starting nucleus for 
chemical modifications that produce a variety of semi-synthetic cephalosporins. A. 
chrysogenum is now the major producer of CPC. 
A. chrysogenum is a slow growing filamentous fungus. On agar plates, its colonies 
are compact and appear pale yellow as incubation continues. When cell mass 
increases, loose floe structures develop and gradually dry up and turn white. When 
growing in liquid medium, the cell mass increases and the length of the mycelia 
increases with incubation time. Upon aging, the mycelia shorten and form spores. 
3 
1.3 Antibiotic industry 
After the discovery of penicillin, the antibiotic industry developed rapidly and 
evolved into a world wide multi-billion business. Some 65% of world antibiotic 
sales were contributed by p-lactam antibiotics (about US$15 billion) (Blander, 2003). 
Cephalosporins, being the second largest family in p-lactam antibiotics, accounted 
for about US$9.9 billion. The world production of p-lactam antibiotics was about 
33,000 tons and continuous strain improvement and fermentation technique 
development greatly reduced the price for penicillin, from more than US$300 / kg in 
1953 to US$10-20 / kg in the 1990s (Blander, 2003). 
1.4 Cephalosporins 
Cephalosporins are a family of antibiotics derived from CPC. CPC itself is not 
potent clinically. However, chemical modifications on the CPC derived p-lactam 
nucleus 7-ACA is of industrial significance. CPC can be converted to 7-ACA via 
D-amino acid oxidase (DAAO) and glutaryl-7-aminocephalosporanic acid acylase 
(GL-7-ACA acylase) (Barber et cd., 2004). 7-ACA can be modified chemically to 
produce a variety of semisynthetic compounds with broad spectrum of antimicrobial 
activity (Demain and Blander, 1999). Up to date, a total of five generations of 
cephalosporins have been developed. 
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The first generation of cephalosporins have better activity against Gram-positive 
bacteria e.g. Staphylococci and Streptococci but not Gram-negative counterparts. 
On the contrary, the second and third generations of cephalosporins have improved 
ability in inhibiting Gram-negative bacteria but possess narrow spectrum against 
Gram-positive bacteria. The stability against p-lactamase is also improved. The 
fourth generation of cephalosporins exerts greater killing to Gram-positive bacteria 
and enhanced resistance to p-lactamase. There are few members in the fifth 
generation of cephalosporins and more novel members are anticipated. 
1.5 CPC biosynthetic pathway 
Most of the genes in the CPC biosynthetic pathway in A. chiysogenum have been 
cloned, sequenced and characterized (Gutierrez et al., 1992; Thykaer and Nielsen, 
2003), therefore, facilitating the study and optimization of the pathway (Fig 1.1). 
Genes involved in this pathway could be modified, overexpressed, or replaced for 
high titer or the production of various metabolic precursors. 
One example of metabolic engineering of the pathway was overexpression of 
deacetoxycephalosporin C (DAOC) synthase {cefEF) to reduce the secretion of 
penicillin N to extracellular space. Such modification reduced the loss of metabolic 
5 
precursor for CPC production (Skatrud et al, 1989). 
Another example was blockage of cefEF and introduction of cefE gene from 
Streptomyces clavuligerus, leading to DAOC production. DAOC could be modified 
enzymatically by DAAO and GL-7-ACA acylase to 7-aminodeacetoxy-
cephalosporanic acid (7-ADCA), which is another important biosynthetic nucleus for 
novel cephalosporins (Velasco et al, 2000). 
Genes encoding DAAO from Fusarium solani and cephalosporin acylase from 
Pseudomonas diminuta were introduced into A. chrysogenum for direct production of 
7-ACA. The 7-ACA level was industrially insignificant, and often mixed up with 
by-products (Isogai et al, 1991). However, this was the first report of using a 
bacterial gene to channel the precursor flux of a metabolic pathway to produce novel 
antibiotic intermediate in fungus. Later, a bacterial hemoglobin gene was 
introduced to A. chrysogenum and intracellularly expressed (DeModena et al., 1993). 
The oxygen carrying ability of A. chrysogenum enhanced the CPC production titer. 
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Fig 1.1 Biosynthetic pathway of P-lactam antibiotics 
p-Lactam antibiotics such as penicillin G, cephalosporin C and cephamycin C are 
produced in different micro-organisms and share a common biosynthetic pathway but 
branch off at different points. In Penicillium chrysogenum, isopencillin N is 
converted to penicillin G by acyltransferase (penDE). In A. chrysogenum, DAC is 
converted to CPC by DAC acetyl transferase {cefG). In Nocardia lactamdurans 
and Streptomyces clavuligerus, DAC is subjected to a three-step conversion to 
cephamycin C. (Adapted from Khetan and Hu, 2003) 
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1.6 DAC 
DAC is the metabolic precursor of CPC. It is often found, together with 
2-(D-4-amino-4-carboxybutyl)-thiazole-4-carboxylic acid (compound X)， as 
degradation products in CPC fermentation broth (Fig 1.2). Degradation of CPC to 
compound X causes about 40% reduction in cephalosporin yield (Basch et al.’ 2004). 
However, DAC is far more resistant than CPC to degradation. 
Disruption of cefG gene led to DAC production in A. chrysogenum (Matsuda et al., 
1992). However, the production level was industrially insignificant. It was found 
that expandase/hydroxylase enzymes hydrolyzed the P-lactam ring of DAC and led 
to loss of DAC. CPC esterase is an enzyme that catalyzes inter-conversion of CPC 
and DAC when an acetyl donor is available (Basch et al, 2004). CPC esterases 
from Bacillus subtilis and Rhodosporidium toruloides were studied and their 
enzymatic kinetics were compared (Politino et al., 1997). 
The esterase from R. toruloides was expressed in A. chrysogenum (Basch et al, 2004) 
and production of DAC was successfully demonstrated in modified strains, thus, 
providing a new approach for DAC production directly by fermentation. 
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Fig 1.2 Degradation of CPC 
CPC in fermentation broth degrades to DAC and compound X. (Adapted from 
Basch et al., 2004) 
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1.7 Aims of study 
The aims of this study were: (1) to channel the metabolic flux of A. chrysogenum by 
metabolic engineering for DAC production. The modified strains were compared 




Construction of transformation cassettes 
2.1 Introduction 
In this chapter, the construction of transformation cassettes would be described. 
Two transformation cassettes: (1) cassette GHG and (2) cassette RTCAH for 
introduction of CAH gene into A. chiysogenum genome, were used in this study. 
A number of genetic techniques can be used for gene disruption, namely: insertion, 
deletion, mutation, premature termination etc. Considering that an antibiotic 
resistant gene should be introduced into the A. chiysogenum genome as selectable 
marker, insertion was chosen as gene disruption strategy. 
In cassette GHG, bacterial hygromycin B phosphotransferase gene {hph) was used as 
a selectable marker and it was inserted at the middle of the cefG gene. On each side 
of the hph gene, a homology arm of more than 500bp was included for homologous 
recombination at the resident cefG locus in A. chiysogenum genome. 
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In cassette RTCAH, hph gene was the selectable marker. Since there was no 
preferred site for insertion of CAH gene, random integration to A. chrysogenum 
genome was employed. The vector was linearized to facilitate recombination. 
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2.2 Materials and Methods 
2.2.1 Construction of cassette RTCAH 
2.2.1.1 Cultivation of R. toruloides 
R. toruloides was obtained from U.S. Department of Agriculture. It was suspended 
in ImL YM (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1% dextrose) 
broth (Difco). An aliquot of the cell suspension was streaked onto YM agar plate 
[YM broth containing 2% bacteriological grade agar (Sigma)] and incubated at 30®C 
for 3days. Single colony was inoculated into 3mL YM broth as starter culture and 
cells were grown at 30°C, 48hr, 250rpm. The starter culture was then inoculated 
into 50mL YM broth and grown at 30°C, 16hr, 250rpm. 
2.2.1.2 Preparation of R. toruloides genomic DNA 
Cells were divided into 0.5mL aliquot and were collected by 10,000g centrifugation. 
The supernatant was discarded and the cells were washed twice with 500|iL sterile 
ddH20. Cells were resuspended in 200 | l iL lysis buffer (0.7M NaCl, ImM Tris-HCl, 
pH 8.0，lOmM E D T A and 1% S D S ) . Two hundred |LIL phenol:chloroform:isoamyl 
alcohol (25:24:1) (USB) and 0.2g acid washed glass beads were added. The 
contents were mixed gently. 
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The mixture was centrifuged at 16,000g for 1 Omin and the upper aqueous layer was 
aspirated and transferred to another 1.5mL micro-centrifuge tube. Two hundred |j.L 
of phenol:chloroform:isoamyl alcohol (25:24:1) was added and the contents were 
mixed by inversion. The mixture was centrifuged at 16，000g, lOmin. The upper 
aqueous layer was aspirated and transferred to another 1.5mL micro-centrifuge tube. 
Twenty f^L of 3M NaOAc, pH 5.2 and 500|iL of absolute EtOH were added and 
mixed by inversion. The mixture was stored at -20°C, 16hr for DNA precipitation 
followed by centrifugation at 16,000^, 4°C, 1 Omin. The supernatant was discarded 
and the pellet was washed by 500)iL 70% EtOH. Finally, the DNA pellet was 
dissolved in lOOjiL dcffl^O. 
2.2.1.3 PGR ofR. toruloides CAH gene 
Polymerase chain reaction (PGR) was performed with Peltier PTC-200 thermal 
cycler (MJ Research). Primers CAH-out-Ndel-F and CAH-Bglll-R were designed 
according to the sequence of published R. toruloides CAH gene (Politino et al, 1997) 
(GenBank accession no. BD005939). The sequence of the primers were: forward 
primer CAH-out-Ndel-F: 5'-CGA GGA TCC CAT ATG ACT CGC CGC CAT GCT 
CCT TA-3，，Ndel restriction site was underlined, and reverse primer CAH-Bglll-R: 
5'- GAG GAT CCA GAT CTG AAA GAC GCC TAG AGA CCC G-3’，Bg/ll 
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restriction site was underlined. 
The PGR reaction mixture contained l)Lig R. toruloides genomic DNA as template, 
0.4^iM of forward primer CAH-out-Ndel-F and reverse primer CAH-Bglll-R; 
0.4mM dNTPs; Ix PGR buffer (lOOmM Tris-HCl pH 9.0, 15mM MgCb, 500mM 
KCl, 25mM MgCb)； 2\iL DMSO and 5U of Taq DNA polymerase (Department 
Inventory). The reaction volume was made up by ddHsO to 25p,L. The reaction 
mixture was first denatured at 96°C, 5min and the reaction was performed for 30 
cycles with denaturation at 96°C, 30sec, annealing at 50°C, Imin, extension at 72°C, 
3min. After 30 cycles, a further extension at 72°C, lOmin and stored in 4°C. The 
PGR product was subjected to 1% agarose gel electrophoresis and stained by EtBr. 
The amplified fragment was purified with Gene-Clean Kit (Gel-M Gel extraction 
system VIOGENE). 
Briefly, the band was cut out with a scalpel. The gel slice was transferred to a 
1.5mL micro-centrifuge tube and weighed. To every 200mg of gel slice, 0.5mL of 
GEX buffer was added and incubated at 55�C until the gel slice was completely 
dissolved. The gel mixture was cooled to room temperature. A Gel-M™ column 
was placed onto the collection tube and TOOjaL of dissolved gel mixture was loaded 
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to the column. The content was centrifuged at 16,000g, 30sec. The flow-through 
was discarded and the rest of the dissolved gel mixture was loaded and centrifuged. 
The column was washed once with 500|aL of WF buffer by centrifugation at 16,000g, 
30sec. The flow-through was discarded and the column was washed again with 
TOOjiL of WS buffer by centrifugation at 16,000g, 30sec. The flow-through was 
discarded and the column was further centrifuged at 16,000g, 3min to remove 
residual EtOH. The column was placed onto a new 1.5mL micro-centrifuge tube 
and DNA was eluted with 50[lL ddHsO by centrifUgation at 16,000g, 30sec. The 
purified DNA was digested by Ndel and BgUl (NEB). The restriction digestion 
mixture contained 0.5)ag DNA, Ix NEBuffer 3 (lOOmM NaCl, 50mM Tris-HCl, 
lOmM MgCb, ImM DTT, pH7.9), lOU each of Ndel and Bglll. The reaction 
volume was made up by ddHsO to 20|j.L. The reaction mixture was incubated at 
37°C, 2hr. The digestion products were resolved by 1% gel electrophoresis and 
purified with Gene-Clean Kit as described above. 
2.2.1.4 Construction of pRTCAHhyr 
An engineered vector, developed in our laboratory, was used to express the CAH 
gene. The ligation mixture contained 0.5|ig CAH gene fragment DNA, 0.2|ag 
digested vector, Ix T4 DNA Ligase Reaction Buffer (50mM Tris-HCl, pH 7.5, 
16 
lOmM MgCb, lOmM DTT, ImM ATP) (NEB), 400U of T4 DNA ligase. The 
reaction volume was made up by ddHaO to 20|iL. The reaction mixture was 
incubated at room temperature, SOmin. The constructed plasmid was designated as 
pRTCAH. 
Hygromycin B resistant gene {hph) was used as selectable marker. It was removed 
from plasmid pSMl (Poggeler et al, 2003) and ligated to restricted pRTCAH, 
generating pRTCAHhyr. Linearized pRTCAHhyr (by Dra\ digestion) was used for 
random integration in the of A. chrysogenum genome. The DNA was dried by 
speed vacuum centrifugation and the DNA pellet was dissolved in 1 OOfiL 0.8M NaCl 
buffer (0.8M NaCl, 25mM CaCh, lOmM MgCb, lOmM Tris-HCl, pH 7.5). 
Concentration of the DNA solution was determined by spectrophotometry (A260 
measurement) and the DNA concentration was adjusted to 200|j.g / mL. 
2.2.2 Construction of cassette GHG 
An engineered vector containing the cefG gene of 乂. chrysogenum, constructed by 
my colleague, was modified. The hph gene was inserted into the engineered vector, 
generating pGHG. Linearized pGHG (by 明I) was used for transformation. 
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2.3 Results and Discussion 
2.3.1 pGHG construction 
Plasmid pGHG was digested with Sfil to check for the insertion of hph gene. 
According to construction, after the digestion, there should be three fragments 
released including fragments of length 4.2kb, 2.9kb, and 0.5kb. From the 
restriction enzyme digestion results (Fig 2.1), lanes 4, 5, 6，7，9 and 10 had two bands 
of sizes about 2.9kb and 4.2kb. However, the 0.5kb band was too faint and just 
barely be seen upon prolonged staining. These clones were recognized as positive 
and plasmids prepared from these clones were further amplified and the sequence 
was verified by sequencing. 
2.3.2 pRTCAHhyr construction 
Plasmid pRTCAHhyr was digested with Dralll to check for insertion of the hph gene. 
According to construction, after the digestion, there should be two fragments 
released with size of 0.3kb and V.lkb. From the restriction enzyme digestion results 
(Fig 2.2), lanes 3, 8, 9，and 11 had bands of sizes about 0.3kb and a band larger than 
6.0kb. Among them, the samples in lanes 3 and 8 had a band of 1.2kb. These two 
clones were verified by sequencing and they contained two hph genes in series. 
Therefore, this 1.2kb band was due to an extra copy of hph gene. Lanes 9 and 11 
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were recognized as positive and plasmids from these clones were further amplified 




Fig 2.1 S/n digestion ofpGHG 
Plasmid isolated from ampicillin resistant clones transformed with pGHG ligation 
product was isolated and digested with Sfi\ (Lane 2 to Lane 10). Two bands of sizes 
2.9kb and 4.2kb were observed in lanes 4, 5, 6，7, 9 and 10. 
Lane 1: Ikb DNA ladder (Invitrogen) 
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Fig 2.2 /)rflIII digestion ofpRTCAHhyr 
Plasmid isolated from ampicillin resistant clones transformed with pRTCAHhyr 
ligation product was isolated and digested with Dralll (Lane 2 to Lane 12). Two 
bands of sizes 7.1kb and 0.3kb were observed in lanes 3, 8, 9 and 11. An extra 
band of 1.2kb was also observed in lanes 3 and 8. 
Lane 1: Ikb DNA ladder (Invitrogen) 
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Chapter 3 
Optimization of integrative transformation of A. chrysogenum 
3.1 Introduction 
Integrative transformation of A. chrysogenum is essential for metabolic engineering 
and strain improvement. The integration of genetic materials in A. chrysogenum is 
not effective (Nowak et al, 1995; Rodriguez-Saiz et al, 2004) and homologous 
integration rate is as low as 1 in 200 integrative transformants (Liu et al, 2001). 
Such a low integration rate hampers the studies in genetic manipulation of the CPC 
biosynthetic pathway to enhance production titer, or introduction of foreign genes to 
channel the flux of metabolic intermediates. The most effective transformation 
technique is the poly-ethylene glycol (PEG) mediated protoplast fusion. This 
method is also commonly applied in a wide range of organisms such as Candida 
(Haas et al, 1990), Saccharomyces (Gyuris and Duda, 1986)， Arahidopsis 
(Koshinsky et al., 2000) and Penicillium (Lopes et al, 2004). 
The PEG mediated transformation of A. chrysogenum was established in 1985 
(Hamlyn et al, 1985). The method requires high cell number and high DNA (up to 
20-30|Lig) per transformation. Linear DNA fragment was found to be more effective 
for integration (2-3 fold improvement) (Skatrud et al, 1987). Though considerable 
effort was paid to improve the transformation efficiency (Skatrud et al, 1987), 
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however, the highest efficiency reported so far was only 20 transformants / |j.g DNA 
(Skatrud et al, 1987; Walz and Kuck, 1993). 
Inefficient transformation system is ineffective to metabolic engineering of A. 
chrysogenum, and double marker selection was employed to increase the efficiency 
of homologous recombination (Liu et al., 2001). Nevertheless, as the integration 
efficiency is determined by intracellular regulatory mechanisms, double marker 
selection seemed not really help in this regard. Therefore, an efficient 
transformation protocol is required. The protocol should be suitable for integrative 
transformation, and generate a large number of colonies. By examining the 
transformation parameters, an optimized protocol was established with improved 
transformation efficiency. With the optimized method, the transformation 
efficiency was elevated to about 100 transformants / jag DNA with lower DNA 
dosage and materials. The details of optimization would be described in this 
chapter. 
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3.2 Materials and Methods 
3.2.1 Strain and culture medium 
Wild type A. chrysogenum was used in the experiment. CCM medium (Nowak and 
Kiick, 1994) was used in cell cultivation and seed preparation. CCM agar consisted 
of CCM medium with 2% bacteriological grade agar (USB), pH7.0. Regeneration 
medium agar was CCMS agar (Walz and KUck, 1993) which consisted of CCM 
medium with 10.8% sucrose and 2% bacteriological grade agar, pH 7.0. 
3.2.2 Reagents 
Transformation buffer 1 (Neutral Mcllvaine's buffer) consisted of 0.1 M citric acid, 
0.2M NaHP04 and lOmM DTT, pH 7.1 (Basch and Chiang, 1998). Transformation 
buffer 2 (Isotonic and Acidic Mcllvaine's buffer) consisted of 0.1 M citric acid, 0.2M 
NaHP04, 20mM MgS04 and 0.8M NaCl, pH 6.35 (Basch and Chiang, 1998). 
CAYLASE (CAYLA) was used for cell wall digestion. The 0.8M NaCl buffer 
consisted of 0.8M NaCl, 25mM CaCb, lOmM MgCl: and lOmM Tris-HCl, pH 7.5 
(Isogai et al, 1991). Polyethylene glycol (PEG) solution consisted of 10.8% sucrose, 
50mM CaCl2, 50mM Tris-HCl and 40% (w / v) PEG (respective molecular weight) 
pH 7.5 (Isogai et al., 1991). Cassette GHG was used throughout the study. 
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3.2.3 Standard transformation procedures 
3.2.3.1 Cell cultivation 
A. chrysogenum cells from 50% glycerol stock were streaked onto CCM agar plate. 
The cells were allowed to grow at 30®C, 7days. A loop of cells was streaked to a 
new CCM agar plate and allowed to grow for another lOdays. 
A loop of cells was inoculated into 4mL CCM medium in a 15mL snap cap tube as 
seed culture. Cells were grown at 30°C, 250rpm, 4days，tilted. The 4-day seed 
culture was left to stand for 30min for cell sedimentation. One mL of the cell 
sediment was transferred to 50mL fresh CCM medium in a 250mL Erlenmeyer flask 
and allowed to grow for 24hr (starter culture) at 30°C, 250rpm. A 10% inoculation 
(5mL of the starter culture inoculated into 50mL fresh CCM medium) was performed 
and the cells were cultured in a 250mL Erlenmeyer flask at 30�C, 250rpm, 48hr. 
3.2.3.2 Protoplast preparation 
Fifty mL of A. chrysogenum culture was transferred to a 50mL Falcon tube and 
centrifuged at l,500g, lOmin. The supernatant was discarded and the cell pellet 
was washed with 30mL sterile ddH20. The cells were resuspended in 15mL of 
transformation buffer 1 for cell wall weakening. The cell suspension was 
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transferred to a 150mL Erlenmeyer flask and incubated at 30°C, 250rpm，Ihr, 
covered with aluminum foil. 
Treated cells were transferred to a 50mL Falcon tube and centrifuged at l,500g, 
lOmin to pellet the cell. The supernatant was discarded and the cell pellet was 
washed with 30mL sterile ddHbO. Then, 15mL of transformation buffer 2 with 1% 
(w / v) CAYLASE was added to resuspend the cells for cell wall digestion in a 
150mL Erlenmeyer flask at 30�C，250rpm, 2hr. A 10|^L sample of the digestion 
mixture was withdrawn to monitor the digestion by phase-contrast microscope. The 
digestion was stopped when about 90% of mycelia turned into protoplasts. 
The digested cells were transferred to a 50mL Falcon tube and centrifuged at 100^, 
2min. The cell pellet was kept whereas the supernatant was transferred to another 
50mL Falcon tube. The supernatant was centrifuged at 800g, lOmin to pellet the 
protoplasts. The supernatant was discarded and the pellet was resuspended in 
SOO i^L 0.8M NaCl buffer and transferred to a 1.5mL micro-centrifuge tube. The 
suspension was centrifuged at 800g, Smin and the supernatant was discarded. 
Another SOOjaL of fresh 0.8M NaCl buffer was added 
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Depending on the size of the pelleted protoplast, a second round protoplast extraction 
might be required by adding lOmL 0.8M NaCl buffer to resuspend the remaining cell 
pellet. Cell suspension was centrifiiged at lOOg, 2mm and the supernatant was 
transferred to a new 50mL Falcon tube and centrifiiged at 800g, lOmin to pellet more 
protoplasts. Protoplast concentration was determined by hemocytometer counting. 
The cell suspension was centrifiiged at 800g, lOmin. The supernatant was 
discarded and the pellet was resuspended in fresh 0.8M NaCl buffer at density of 3 x 
1protoplas ts / mL. 
3.2.3.3 PEG mediated protoplast fusion 
The protoplast suspension was divided into 50|iL aliquot in 1.5mL micro-centrifuge 
tubes. The protoplasts were kept on ice and 15|ag of transforming DNA (83.33)ag / 
mL protoplast fusion mixture) dissolved in 0.8M NaCl buffer was added. 
Transformation additives including SO i^g boiled salmon sperm DNA (Img / mL 
protoplast suspension) and pure DMSO (S^iL / mL DNA protoplast mix) were added 
and mixed. The mixture was kept on ice for 30min. 
One hundred |iL of 40% PEG 4000 solution was added to the DNA protoplast 
mixture and mixed by gentle pipetting. The mixture was left at room temperature 
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for 3Omin and then transferred to a 15mL snap cap tube. Five mL of molten 0.7% 
(w / V) top agar was added. The contents were mixed and poured onto CCMS agar 
plate. The plate was incubated at 30°C. 
Two tiers of screening were performed. After transformation, the plates were first 
incubated at 30°C, 24hr. Five mL of 0.7% top agar containing 20|ig / mL 
hygromycin B was poured on top of the plates (first tier). The plate was kept in 
30°C, 2 weeks. The developed colonies were transferred to a CCM agar plate with 
50|_ig / mL hygromycin B (second tier). 
3.2.4 Examination of transformation parameters 
Several transformation parameters were examined to study the effects to 
transformation efficiency. Experiments were performed in triplicates for each 
parameter. (1) Cell growth period: A. chrysogenum was grown for 24，36，48 and 
60hr. (2) DNA concentration: The effect of different DNA concentration (1.67|Lig / 
mL, 8.33|ig / mL, 33.33|Lig / mL and 83.33^g / mL) in the protoplast fusion mixture 
was studied. (3) PEG of different molecular weights: PEG 1000, 3350，6000, 8000 
were used. (4) The effect of transformation additives: salmon sperm DNA (Img / 
mL protoplast suspension) and / or DMSO (5|aL / mL protoplast suspension) were 
28 
examined. 
3.3 Results and Discussion 
There were a number of reported protocols for A. chrysogenum transformation 
(Basch and Chiang, 1998; Isogai et al., 1991; Skatrud et al., 1987; Walz and Kuck, 
1993). We tried these protocols essentially as described. However, the efficiency 
of these protocols was low. Therefore, trials were performed on individual factors 
in different protocols such as digestion period, DTT treatment, solution recipe, 
volume and concentration of protoplasts, PEG etc. in order to select the most 
effective one. 
At the beginning, it was difficult to study the effects of the parameters to 
transformation efficiency as the number of transformants was low. Therefore, the 
effect on viability of the fused protoplasts was studied by omitting hygromycin B 
screening. There was improvement in viability of transformed cells when single 
factor was altered. Combination giving highest viability was employed as standard 
protocol. However, the standard protocol was still inefficient, generating less than 5 
transformants per |Lig DNA. Therefore, modifications were made in different 
parameters to improve the transformation efficiency. 
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3.3.1 Cell growth period 
A standardized procedure for cell preparation is important for efficient 
transformation. Previous experience in this study showed that neither cells that 
were too young nor too old were transformable. Inoculum sizes affected the growth 
phase significantly and frequently led to low transformation efficiency. It is 
difficult to control the growth phase by observation of cell morphology. The 
problem was solved by carefully controlling the inoculation size. It is impossible to 
standardize the growth phase of cells in seed culture due to slight variation during 
loop inoculation. However, the growth phase of cells was precisely controlled by 
inoculating cell sediment in seed culture (section 3.2.3.1) 
Followed the above cell preparation procedures (section 3.2.3.1 and section 3.2.4), 
cells grown for 24hr were untransformable. The transformation efficiency 
increased with growth period and cells grown for 60hr gave the best transformation 
efficiency (Fig 3.1). Cells grown for 72hr started to lose the filamentous 
morphology and mycelia started to deteriorate and formed spores. 
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Fig 3.1 Effects of cell growth period on transformation efficiency 
A. chrysogenum cells grown for 24, 36, 48 and 60hr were transformed and the 
efficiency was recorded. Medium used was CCM and the cells were grown 
at 30°C, 250rpm. All trials were performed in triplicates. 
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3.3.2 DNA concentration 
Four DNA concentrations in protoplast fusion mixture were tested (Fig 3.2). The 
transformation efficiency was very low at low DNA concentrations (1.67 and 3.33|j,g 
/ mL). However, when the DNA concentration increased to 33.33|ig / mL, the 
transformation efficiency was drastically improved to over 100 transformants / |ag 
DNA. Further increase of DNA concentration (83.33)j.g / mL) did not improve the 
transformation efficiency. 
DNA concentration in protoplast fusion mixture affected transformation efficiency 
significantly. Moreover, transformations were costly as large amount (10-20|j.g) of 
DNA is required. The effect of DNA concentration was studied in order to optimize 
transformation and reduce DNA dosage. 
The volume of transforming DNA affected the transformation efficiency. At the 
beginning, the cassette DNA was dissolved in ddH20 and a large volume of DNA 
solution was added to protoplast suspension (e.g. 1:1 DNA solution to protoplast 
suspension). However, as the protoplasts were suspended in 0.8M NaCl buffer, 
there would be osmotic disturbance to the fragile protoplasts and this might cause 
them to burst. In order to solve the problem, cassette DNA was dissolved in 0.8M 
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NaCl buffer. However, the solubility of DNA in 0.8M NaCl buffer was not as good 
as that in ddHbO and preparation of concentrated sample e.g. larger than 500|Lig / mL, 
was not possible. Therefore, volumes of other components were adjusted 
accordingly to maintain DNA concentration. 
The volume of PEG solution was also examined. It was found that a volume ratio as 
low as 1:1 PEG solution to protoplast-DNA mixture was sufficient to mediate 
protoplast fusion. Therefore, the volume of PEG solution was set at 100|LIL. With 
this PEG-protoplast-DNA volume ratio, the optimum concentration of DNA in the 
protoplast fusion mixture was found to be 33|ng / mL. With such a small volume, 
the amount of DNA could be reduced from 10-20)j,g to 5-6|ag for each transformation 




Q 120 - T 
(30 4 k 
�=^ 100 / O 
g 80 / 丄 
I 60 / 
i 40 / 
- 2 0 ^ ^ 
0 ‘ ^ ^ ‘ 
0 20 40 60 80 100 
DNA concentration (fig/ml) 
Fig 3.2 Effects of DNA concentration in protoplast fusion mixture on 
transformation efficiency 
Transformations were performed with different DNA concentrations in 
protoplast fusion mixture. DNA was dissolved in 0.8M NaCl buffer and 
incubated with the protoplasts on ice for 30min followed by PEG treatment. 
The experiments were performed in triplicates. 
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3.3.3 PEG molecular weight 
PEG was reported to alter physical properties of cell membrane and physiochemical 
properties of water, and triggered protoplast fusion (Arnold et al, 1985). PEG was 
used to mediate DNA transformation in several transformation protocols (Walther 
and Wendland, 2003; Lyznik et al.’ 1989). PEG of different molecular weights have 
different physical properties and affect the transformation efficiency. 
The data shown in Fig 3.3 indicated that PEG of larger molecular weights (PEG 6000 
and 8000) were more efficient than that of lower molecular weights (PEG 1000 and 
3350). PEG 1000 failed to generate transformants at all. PEG 6000 was better 
than PEG 8000. PEG 6000 and 8000 were found more efficient to mediate 
transformation than PEG 1000 and 3350. The reason might be due to their high 
viscosity. However, extreme viscosity lowered transformation efficiency (Fig. 3.3). 
PEG 8000，being too viscous, was very hard to mix thoroughly with the 
protoplast-DNA mixture and therefore, did not mediate protoplast fusion as efficient 
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Fig 3.3 Effects of molecular weight of PEG on transformation efficiency 
Transformation efficiencies were recorded when PEG of various molecular weights 
were used to mediated protoplast fusion. PEG of molecular weights 1000, 3350, 
6000，and 8000 were used. Protoplast fusion was performed at room temperature 
for 30min. The experiments were performed in triplicates. 
36 
3.3.4 Transformation additives 
DMSO was found to decrease the transformation efficiency, whereas salmon sperm 
DNA improved the transformation efficiency by about 2 to 4 fold (Fig 3.4). 
DMSO is a strong organic solvent, and passes through cell membrane readily 
(http://www.dmso.org/articles/information/herschler.htm). It was assumed to 
increase the cell permeability and therefore, encourages DNA transfer. It also helps 
to relieve DNA secondary structures (Juang and Liu, 1987) and therefore, facilitates 
DNA integration. 
Salmon sperm DNA acted as a DNA carrier to improve the transformation efficiency. 
The exact mechanism was not clear but it was suggested that the carrier protected the 
transforming DNA from nucleolytic attack by cellular nuclease. In Fig 3.4, DMSO 
decreased the transformation efficiency. It might be caused by the toxic effect of 
DMSO on protoplasts. Addition of salmon sperm DNA increased the 
transformation efficiency by more than 3 fold (DMSO not added). Therefore, in the 
optimized protocol, salmon sperm DNA was added and DMSO was omitted. 
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Fig 3.4 Effects of DMSO and salmon sperm DNA on transformation efficiency 
DMSO and / or salmon sperm DNA were added to DNA protoplast mixture and 
transformation efficiency was recorded. DMSO was added at concentration of 5|LIL 
/ mL protoplast suspension. Salmon sperm DNA was added at concentration of 
1 mg / mL protoplast suspension. The experiments were performed in triplicates. 
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3.3.5 Modified transformation protocol 
Based on the findings the transformation protocol was modified and described in 
Table 3.1. With the optimized protocol, the transformation efficiency was above 
100 transformants per |j,g DNA. 
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Cell preparation: 
1. A. chrysogenum cells were streaked onto CCM agar plate, incubated at 30°C for 
7days. 
2. A loop of A. chrysogenum cells were streaked onto another CCM agar plate, 
incubated at 30�C for lOdays. 
3. A loop of A. chrysogenum cells were inoculated into 4mL of CCM medium to 
make the seed culture. Cells were grown at 30°C, 250rpm, 4days, tilted. 
4. The cells were settled for 20min. 
5. One mL of the cell sediment was transferred into 50mL fresh CCM in 250 
Erlenmeyer flask to make the starter culture. Cells were grown at 30°C, 
250rpm, Iday. 
6. Five mL of the starter culture was inoculated into 50mL fresh CCM medium in 
250mL Erlenmeyer flask. 
7. Cells were grown at 30°C, 250rpm, 60hr (section 3.3.1). 
Protoplast extraction: 
8. Cells were pelleted by l,500g,10min centrifugation and washed with 30mL 
ddH20. 
9. Cells were resuspended in 15mL filter sterilized transformation buffer 1. 
10. Cell suspension was incubated at 30°C, 250rpm shaking for Ihr, covered with 
aluminum foil. 
11. Cells were pelleted by l,500g,10min centrifugation and washed with 30mL 
ddH20. 
12. Cells were spin down again and 15mL filter sterilized transformation buffer 2 
with 1% (w / V) CAYLASE was added to resuspend the cells. 
13. Cell suspension was transferred to a 150mL flask and incubated in 30°C， 
250rpm, 2hr. 
14. Cells were transferred to 50mL falcon and centrifuged at lOOg, 2min. 
15. The supernatant was transferred to a new falcon and centrifuged at 800g, 
lOmin. 
16. The supernatant was discarded and the pellet was resuspended in 500|aL 0.8M 
NaCl buffer. 
17. The suspension was transferred to a 1.5mL micro-centrifuge tube and the 
protoplasts were pelletd by 800^, 5min centrifugation. 
18. The supernatant was discarded and the cells were resuspended in 0.8M NaCl 
buffer at density of 3 x 10^ protoplasts / mL. 
Table 3.1 Modified transformation protocol 
40 
DNA transformation and protoplast fusion: 
19. Protoplasts were mixed with 50|ag salmon sperm DNA (Img / mL protoplast 
suspension) (section 3.3.4). 
20. Fifty \iL protoplast suspension was mixed with transformation DNA 
fragment solution (33.33|Lig / mL protoplast fusion mixture) (section 3.3.2). 
21. The protoplast fusion mixture was incubated on ice for 3Omin. 
22. One hundred jiL of 40% PEG 6000 solution was added and well mixed (section 
3.3.3). 
23. The mixture was incubated for 3Omin at room temperature. 
24. Five mL of molten 0.7% (w / v) agar was added and well mixed. 
25. The agar was poured onto CCMS agar plate and incubated at 30°C, 24 hrs. 
26. Five mL 0.7% top agar with 20|ig/mL hygromycin B was poured onto top of 
the agar plate for screening. 
27. The plate was incubated at 30°C for colony development. 
Table 3.1 Modified transformation protocol (continued) 
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Chapter 4 
Metabolic engineering of A. chiysogenum 
4.1 Introduction 
DAC is a metabolic precursor of CPC (Fig 1.1) and much more resistant to 
degradation than CPC in fermentation broth. DAC could substitute CPC and 
7-ACA as starting material to produce some semi-synthetic cephlosporins with wider 
antimicrobial spectrum. Natural producer of DAC is not available and therefore, a 
DAC producing strain would have to be generated. Metabolic engineering allows 
the rational manipulation of biosynthetic pathways for production of novel 
metabolites. In this chapter, generation of DAC-producing strains by metabolic 
engineering would be described. 
A two-tier screening method was employed and HPLC was used to examine DAC 
production. The genotypes of transformants were determined by PCR and Southern 
hybridization. 
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4.2 Materials and Methods 
4.2.1 Transformation of A. chrysogenum 
Transformation of A. chrysogenum cells was performed as described in Table 3.1 
with transformation cassettes GHG / RTCAH. 
4.2.2 Screening of transformants 
A two-tier hygromycin B screening was employed as described in section 3.2.3.3. 
Transformants were grown at 30°C, 2 weeks. Cells were streaked onto CCM agar 
plates with 50|ig / mL hygromycin B and were grown at 30�C，2 weeks. Cells were 
inoculated into 4mL CCM medium as seed culture and were grown at 30°C, 250rpm, 
5days, tilted. The seed culture was left to stand for 30min for cell sedimentation. 
One mL of supernatant was aspirated and centrifuged at 13,000^, lOmin to remove 
remaining cells. The supernatant was analyzed by HPLC. 
4.2.3 HPLC analysis 
The column used was CI8 analytical column (Beckman Coulter, Ultrasphere® 5|am 
Spherical 80人 Pore，25cm x 4.6mm). The mobile phase consisted of 50mM 
NaH2P04 pH 7.0，5% acetonitrile, running condition was ImL / min for 1 Omin, 30°C. 
Amount of injected sample was lO^iL. 
43 
4.2.4 A. chrysogenum genomic DNA preparation 
Genomic DNA of transformants was prepared from GHG and RTCAH transformants. 
Protoplasts were prepared as described in Table 3.1. The protoplasts were washed 
with ImL 0.8M NaCl buffer and resuspended in ImL lysis buffer (section 2.2.1.2). 
The mixture was incubated at 55°C for 2hr and was divided into 500|aL aliquots in 
1.5mL micro-centrifuge tubes. To each aliquot, 500|LI1 of 
phenol:chloroform:isoamyl alcohol (25:24:1) was added and mixed by gentle 
inversion. The mixture was centrifuged at 16,000g and the aqueous layer was 
carefully aspirated and transferred to a new tube. Phenolrchloroformiisoamyl 
alcohol (25:24:1) extraction was repeated once and 0.1 volume of 3M NaOAc, pH 
5.2 and 2.5 volume of absolute EtOH was added to the aqueous layer. The contents 
were gently mixed and stored at -20°C, 16hr for DNA precipitation. 
The mixture was centrifuged at 16,000g for lOmin to pellet the DNA. The pellet 
was washed with 70% EtOH and air dried at room temperature. One hundred jiL of 
warm sterile ddH20 was added to dissolve the pellet and the concentration of the 
prepared DNA was determined by A260 measurement. 
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4.2.5 Genotyping by PGR 
4.2.5.1 GHG transformants 
4.2.5.1.1 Disruption of cefG 
Forward primer CefG-5'-ClaI (sequence: 5’-CGA GGA TCC ATC GAT CTT CTT 
AAC CGA TGG TCC GAG AGT-3’) and reverse primer CefG-3'-PAC (sequence: 
5'-GAG GAT CCT TAA TTA ACC TCC ATA GCC TCA CAT TAA TGA CTG-3’） 
were used to amplify the cefG gene. The reaction mixture contained l|Lig of A. 
chrysogenum genomic DNA (from GHG transformants) as template, 0.4|aM of 
forward and reverse primers; 0.4mM dNTPs; 1 x PCR buffer; 2\iL pure DMSO and 
5U of Tag DNA polymerase. The reaction volume was made up by ddHsO to 25)aL. 
The reaction mixture was first denatured at 96°C, Smin and the reaction was 
performed for 30 cycles with denaturation at 96®C, 30sec, annealing at 50°C, Imin, 
extension at 72°C, 4min. After 30 cycles, a further extension at 72°C, lOmin，and 
stored at 4®C. The PCR product was resolved by 1% gel electrophoresis and stained 
with EtBr. 
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4.2.5.1.2 PGR oihph gene 
Forward primer hph-F-seq (sequence: 5'-GTC GAC AG A AGA TGA CAT TGA 
AGG A-3，) and reverse primer hph-R-seq (sequence: 5'-CTA TTC CTT TGC CCT 
CGG ACG AGT G-3，）were used to amplify the hph gene. PGR reaction was set up 
as described in section 4.2.5.1.1 except with a shorter elongation time (2min). The 
PCR product was resolved by 1 % gel electrophoresis and stained with EtBr. 
4.2.5.1.3 Homologous recombination at the resident ce/G locus 
Forward primer CefG-Ch-F (sequence: 5'-CTC TTC TCG TTC TTG GTT CGC 
AGG A-3’) and reverse primer hph-NR-seq (sequence: 5'-AGC TCC AGC CAA 
GCC CAA AAA GTG C-3，) were used to examine the integration of transforming 
DNA to resident cefG locus. PCR reaction was set up as described in section 
4.2.5.1.1 except with a shorter elongation time (1.5min). The PCR product was 
resolved by 1 % gel electrophoresis and stained with EtBr. 
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4.2.5.2 RTCAH transformants 
4.2.5.2.1 PCR ofCAH gene 
Forward primer CAH-out-Ndel-F (sequence: 5，-CGA GGA TCC CAT ATG ACT 
CGC CGC CAT GCT CCT TA-3') and reverse primer CAH-R-seq (sequence: 
5'-GAG TGG AG A TGT GGA GTG GGC GCT T-3') were used to amplify R. 
toruloides CAH gene, PCR reaction was set up as described in section 4.2.5.1.1 
with genomic DNA prepared from RTCAH transformants as template, except with a 
shorter elongation time (3.5min). The PCR product was resolved by 1% gel 
electrophoresis and stained with EtBr. 
4.2.5.2.2 Disruption of cefG 
Disruption of resident cefG gene was verified by PCR as described in section 
4.2.5.1.1. 
4.2.6 Genotyping of GHG transformants by Southern hybridization 
Digoxigenin labeled probes were used. Genomic DNA was prepared from GHG 
transformants as described in section 4.2.4. GHG probe and Cef-EF probe were 
prepared. The GHG probe was used to verify homologous recombination and the 
Cef-EF probe was used as positive control. 
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4.2.6.1 Preparation of DIG-labeled GHG probe by PCR 
Forward primer CefG-Ch-F (section 4.2.5.1.3) and reverse primer CefG-R-seq 
(sequence: 5'- GAA GGC CCA TTC CAG AGT GTG CAT T-3，) were used to 
amplify the cefG gene as GHG probe. The reaction mixture contained 1 |_ig of A. 
chiysogenum genomic DNA as template, 0.4)aM of forward and reverse primers; 2|iL 
of PCR DIG LABELING MIX PLUS (0.2mM dATP, dCTP, dGTP each, 0.57mM 
dUTP and 0.3mM digoxigenin-11-dUTP in dcffibO，pH7.0) (Roche); Ix PCR buffer; 
2\iL pure DMSO and 5U of Tag DNA polymerase. The reaction volume was made 
up by ddH20 to 25fiL. 
The reaction mixture was first denatured at 96°C, 5min and the reaction was 
performed for 30 cycles with denaturation at 96°C, 30sec，annealing at 50�C, Imin, 
extension at 72°C, 1.5min. After 30 cycles a further extension at 72°C, lOmin and 
stored in 4°C. The PCR product was resolved with 1% gel electrophoresis and 
purified with Gene-Clean Kit as described (section 2.2.1.3). 
4.2.6.2 PCR preparation of DIG-labeled Cef-EF probe 
Forward primer AC-cefEF-Fl (sequence 5'- AGC CTT AAG AAG ATC TAG GCC 
GCG C -3') and reverse primer AC-cefEF-R2 (sequence: 5'- AGC GTC GGG AGG 
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TCG ACG AAT TCT A -3') were used to amplify the cefEF gene (GenBank 
accession no. AJ404737) as Cef-EF probe. PCR reaction was set up as described in 
section 4.2.6.1 except with a longer elongation time (2min). The PCR product was 
resolved with 1 % gel electrophoresis and purified with Gene-Clean Kit as described 
(section 2.2.1.3). 
4.2.6.3 Restriction digestion of genomic DNA of GHG transformants 
For GHG probing, genomic DNA of GHG transformants was digested by HindWl. 
The restriction digestion mixture contained 20|ig genomic DNA, Ix NEBuffer 2 
(50mM NaCl, lOmM Tris-HCl, lOmM MgCb, ImM DTT, pH7.9), 20U of Hindlll. 
The reaction volume was made up by DDHSO to 20)LIL. The reaction mixture was 
incubated at 37®C, 16hr. For Cef-EF probing, genomic DNA of GHG transformants 
was digested by Hindlll and BamHl. The restriction digestion mixture contained 
20|Lig genomic DNA, 1 x NEBuffer 2 with 1 x BSA, 20U of//mdIII and BamHl each. 
The reaction volume was made up by ddHsO to 20|iL. The reaction mixture was 
incubated at 37�C， 16hr. Digested samples were extracted by 
phenol:chloroform:isoamyl alcohol (25:24:1) and the digested samples were ready 
for Southern hybridization. 
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4.2.6.4 Agarose gel electrophoresis and DNA transfer to positively charged nylon 
membrane 
Samples of digested genomic DNA and 50ng DIG-labeled DNA molecular weight 
marker (Roche) were resolved in 1.5% agarose gel electrophoresis at llOvolt, 5Omin. 
The gel was stained with EtBr and photographed. The gel was rinsed twice with 
ddHsO and transferred to 0.25N HCl. The gel was incubated for 40min with gentle 
shaking at room temperature. The gel was rinsed twice with ddHsO and incubated 
in denaturation solution (1.5M NaCl, 0.5N NaOH) for 20min with gentle shaking at 
room temperature. The gel was rinsed twice with ddHsO and incubated in 
neutralization solution (3M NaCl, 0.5M Tris-HCl, pH 7.5) for 3Omin with gentle 
shaking at room temperature. 
Positively charged Nylon membrane (Roche) and two pieces of Whatman paper were 
pre-wet in 20x SSC (3M NaCl, 0.3M citric acid trisodium salt, pH 7.0) for 20min. 
A capillary transfer system was set up (Fig 4.1) and the DNA was transferred 
overnight. The gel was stained with EtBr and photographed to check for transfer 
efficiency. The membrane was rinsed in 6x SSC and air dried briefly for 20min at 
room temperature. The transferred DNA was immobilized by UV crosslinking at 
254nm, 0.12J/ cm^ (CL-1000 Ultraviolet Crosslinker, UVP). 
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Fig 4.1 Capillary transfer for Southern hybridization 
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4.2.6.5 Pre-hybridization and hybridization 
The membrane was pre-hybridized in 20mL of hybridization buffer (DIG 
EASY-HYB Roche) at 68°C for 3hr. GHG / Cef-EF probe (0.2^ig) was boiled in 
20mL of hybridization buffer for lOmin and then placed on ice for Smin. The 
boiled probe was added to the membrane. The membrane was incubated overnight 
in hybridization oven with gentle rolling at 68°C. 
4.2.6.6 Membrane washing and blocking 
After hybridization, the membrane was washed twice with 2x SSC, 0.1% SDS for 
15min at room temperature. The membrane was washed twice with 1% SSC, 0.1% 
SDS for 15min at 60®C. After washing, the membrane was rinsed by washing 
buffer (0.3% v / v Tween 20，O.IM maleic acid, 0.15M NaCl, pH7.5) for 2min. The 
washing buffer was removed and 20mL of blocking solution (1% w / v blocking 
reagent, O.IM maleic acid, 0.15M NaCl, pH7.5) was added. The membrane was 
blocked for 30min at room temperature with gentle shaking. The blocking solution 
was poured away and 25mL fresh blocking solution premixed with l}aL of 
Anti-Digoxigenin-AP-Conjugate (0.75U alkaline phosphatase conjugated with sheep 
IgG Fab fragments, 50mM triethanolamine, 3mM NaCl, ImM MgC^, O.lmM ZnCh, 
1% BSA (w / V), pH7.6) (Roche) was added. The membrane was incubated at room 
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temperature for 30min with gentle shaking. The blocking solution was poured 
away and the membrane was washed twice with washing buffer for 15min at room 
temperature with gentle shaking. 
4.2.6.7 Membrane detection 
The washed membrane was equilibrated in 20mL of detection buffer (O.IM NaCl, 
O.IM Tris-HCl, pH 9.5) for 5min at room temperature. The detection buffer was 
poured away and 20mL of detection reagent (O.IM NaCl; 0.1 M Tris-HCl pH, 9.5; 
0.05 M MgCb, 0.5mg / mL NBT, 0.125mg / mL BCIP) was added slowly to the 
membrane and the container was covered with aluminum foil. Color was developed 
at room temperature with gentle shaking. 
4.2.7 Genotyping of RTCAH transformants by Southern hybridization 
Digoxigenin labeled probes were used. Genomic DNA was prepared from RTCAH 
transformants as described in section 4.2.4. RTCAH probe was prepared to verify 
the presence of R. toruloides CAH gene. GHG probe (section 4.2.6) was used as 
positive control. 
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4.2.7.1 PCR preparation of DIG-labeled RTCAH probe 
Forward primer CAH-out-Ndel-F (section 4.2.5.2.1) and reverse primer 
CAH-Bglll-R (sequence: 5'-TAT CGA GGA TCC AGA TCT TTT CGC ACT TG-3，) 
were used to amplify the R. toruloides CAH gene as RTCAH probe. PCR reaction 
was set up as described in section 4.2.6.1 with genomic DNA prepared from R. 
toruloides as template, except with a longer elongation time (3min). The PCR 
product was resolved with 1 % gel electrophoresis and purified with Gene-Clean Kit 
as described (section 2.2.1.3). 
4.2.7.2 Restriction digestion of genomic DNA of RTCAH transformants 
For RTCAH probing, 20 i^g genomic DNA of RTCAH transformants was digested 
by HindlW and BamWl as described in section 4.2.6.3. For GHG probing, 20 i^g 
genomic DNA of RTCAH transformants was digested by HindlW as described in 
section 4.2.6.3. Digested sample was extracted by phenol:chloroform:isoamyl 
alcohol (25:24:1) and the digested sample was ready for Southern hybridization. 
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4.2.7.3 Agarose gel electrophoresis and Southern hybridization of RTCAH 
transformants 
The digestion product was subjected to 1.5% agarose gel electrophoresis, and 
Southern hybridization was performed essentially as described in this chapter. 
RTCAH and GHG probes were used for hybridization. 
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4.3 Results and Discussion 
4.3.1 Hygromycin B screening and HPLC analysis of GHG transformants 
A total of 276 transformants were isolated in the hygromycin B screening. By 
HPLC profiling, three transformants were found to produce DAC and CPC and one 
of them produced DAC only. The DAC producing transformant was denoted as 
GHG232 and used in subsequent experiments. 
4.3.2 Genotyping of GHG232 by PCR 
Genotype of GHG232 was determined by PCR. Wild type A. chiysogenum served 
as negative control. A random integrant GHG 195, which was hygromycin B 
resistant and exhibited similar CPC productivity as wild type A. chiysogenum, was 
also included for comparison. In Fig 4.2, a band of cefG gene (1.9kb) was 
amplified from the genomic DNA of wild type A. chrysogenum and GHG 195. Due 
to insertion of hph gene into cefG gene, a band of 3.3kb was amplified in GHG232, 
indicating that cefG gene in GHG232 was disrupted. Since the cassette GHG does 
not include sequence of Cef-5'-ClaI, therefore, in GHG 195，only a single band of 
intact cefG (1.9kb) was amplified but not the disrupted cefG (3.3kb) from the 
transformation cassette GHG. 
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1 2 3 4 5 6 7 8 9 10 11 
Fig 4.2 PCR analysis for GHG232, wild type A chrysogenum and GHG195 
A 1.9kb band of intact cefG was amplified from wild type A. chrysogenum (lane 1) 
and GHG 195 (lane 3). A 3.3kb band was amplified in GHG232 (lane 2) due to 
disruption of cefG. 
A 1.4kb band of hph gene was amplified in GHG232 (lane 6) and GHG 195 (lane 7) 
but not in wild type A. chrysogenum (lane 5)，indicating that integration occurred in 
GHG232 and GHG 195. 
A 1.2kb band including part of cefG and hph gene was amplified in GHG232 (lane 
10) but not in wild type A. chrysogenum and GHG 195 (lanes 9 and 11)，indicating 
that homologous integration occurred in GHG232. 
Lane 4 and 8: Ikb DNA ladder (Invitrogen) 
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In transformants GHG232 and GHG 195’ the hph gene was amplified (1.4kb), 
indicating successful integration of cassette GHG into the A. chrysogenum genome. 
The hph gene was not amplified in wild type A. chrysogenum (Fig 4.2 lane 5). 
If the cefG gene was disrupted, a linkage between the genomic part of cefG and the 
sequence of transforming DNA could be identified. Primer CefG-Ch-F was 
designed according to genomic sequence of cefG, and primer hph-NR-seq was 
designed with sequence complementary to hph gene. If the transformed cassette 
disrupted the genomic cefG by homologous recombination, the primers would 
amplify a band of 1.2kb, indicating linkage between genomic and cassette sequences. 
In Fig 4.2, only GHG232 showed a L2kb band. It indicated that there was linkage 
between the genomic cefG and cassette GHG. No such band was found in GHG 195, 
indicating that integration of cassette GHG was random. 
4.3.3 Genotyping of GHG232 by Southern hybridization 
Southern hybridization was performed to confirm the homologous recombination of 
cassette GHG with resident cefG in A. chrysogenum. Genomic DNA of wild type A. 
chrysogenum and GHG232 was digested with HindlW. If cefG gene was intact, a 
1.2kb band could be probed. If there was homologous recombination then a 2.6kb 
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band could be probed. The GHG probe was homologous to a 1.2kb sequence 
upstream of the EcoKSl site. This sequence contained ~650bp of the resident cefG 
sequence and 500bp of the cassette GHG sequence. The hybridization results (Fig 
4.3 A) showed that in wild type A. chrysogenum and random integrant GHG 195, a 
1.2kb band was detected, indicating that the cefG gene was not disrupted. In 
GHG232, a band of 2.6kb was detected, indicating disruption of resident cefG gene. 
A. chrysogenum cefEF gene was also probed as positive control. A 1.7kb was 
found in wild type A. chrysogenum, GHG232 and GHG195. 
59 
(A) (B) 
1 2 3 4 1 2 3 4 
3 4.3kb 
丄 b K D ~ • i.9kb 
1.6kl) 
1.4kb 
1 . 2 k b — • 
Fig 4.3 Southern hybridization of GHG232, wild type A. chrysogenum and 
GHG195 
(A) Disruption of resident cefG gene. A 1.2kb band was detected in wild type A. 
chrysogenum (lane 1) and GHG 195 (lane 3) but not in GHG232 (lane 2). A 2.6kb 
band was found in GHG232. Dig-labeled DNA marker (lane 4) (Roche Diagnosis) 
(B) A 1.7kb band of cefEF gene upon HindlW and BarriRl digestion was identified in 
all samples. Wild type A. chrysogenum (lane 1), GHG232 (lane 2), GHG 195 (lane 
3), Dig-labeled DNA marker (lane 4) (Roche Diagnosis) 
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4.3.4 Hygromycin B screening and HPLC analysis of RTCAH transformant 
Four DAC-producing transformants were isolated and denoted as RT2, RT4, RT6, 
and RT8. 
4.3.5 Genotyping of RTCAH transformants by PGR 
Genotyping of RTCAH transformants was performed as described in section 4.2.5.2. 
Genomic DNA of wild type A. chrysogenum was included as negative control. 
In Fig 4.4，a band of cefG gene (1.9kb) was amplified from the genomic DNA of 
wild type A. chrysogenum and all RTCAH transformants, indicating that the cefG 
gene was not disrupted. The R. toruloides CAH gene (3.0kb) was amplified in 
RTCAH transformants but not in wild type A. chrysogenum, indicating random 
integration of R. toruloides CAH gene in A. chrysogenum genome. 
61 
(A) 




1 2 3 4 5 6 
2.0kb ^ ~ 
0.8kb 
Fig 4.4 PCR analysis of RTCAH transformants 
(A) R. toruloides CAH gene (3.0kb) was amplified in RT2 (lane 3)，RT4 (lane 4)， 
RT6 (lane 5), RT8 (lane 6) but not in wild type A. chrysogenum (lane 2)，Ikb DNA 
ladder (lane 1) (Invitrogen) 
(B) A 1.9kb band of intact cefG was amplified in all samples. Wild type A. 
chrysogenum (lane 2), RT2 (lane 3), RT4 (lane 4), RT6 (lane 5)，RT8 (lane 6), Ikb 
DNA ladder (lane 1) (Invitrogen) 
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4.3.6 Genotyping of RTCAH transformants by Southern hybridization 
Southern hybridization was performed to confirm random integration of cassette 
RTCAH in A. chrysogenum genome. Genomic DNAs of wild type A. chrysogenum 
and the four RTCAH transformants RT2, RT4, RT6, RT8 were digested with Hindlll 
and BamYW. If the cassette RTCAH sequence was present, a 2.0kb band could be 
identified. The hybridization results shown in Fig 4.5 indicated that in wild type A, 
chrysogenum, no band was detected using RTCAH probe, but a 2.0kb band was 
identified in RTCAH transformants RT2, RT4, RT6 and RT8, indicating that R. 
toruloides CAH gene was present in all RTCAH transformants. With GHG probe, a 
1.2kb band was identified in all samples. 
DAC producing strains GHG232 and RT2, RT4，RT6, RT8 were generated. Studies 
on the DAC producing ability of these strains would be described in Chapter 5. 
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Fig 4.5 Southern hybridization of RTCAH transformants 
(A) A 2.0kb band of RTCAH upon BamHl and Hindlll digestion was identified in 
RT2 (lane 1)，RT4 (lane 2), RT6 (lane 3) and RT8 (lane 4) with RTCAH probe, but 
not in wild type A. chrysogenum (lane 5)，Dig-labeled DNA marker (lane 6) (Roche 
Diagnosis) 
(B) A 1.2kb band of cefG gene upon Hindlll digestion was identified in all samples. 
Wild type A. chrysogenum (lane 1), RT2 (lane 2)，RT4 (lane 3), RT6 (lane 4), RT8 
(lane 5)，Dig-labeled DNA marker (lane 6) (Roche Diagnosis) 
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Chapter 5 
Characterization of modified strains and fermentation study 
5.1 Introduction 
The modified strains (GHG232 and RTCAH transformants) were evaluated for their 
DAC production profiles. A small-scale fermentation was performed and 
production patterns of DAC and CPC were recorded daily by HPLC. DAC 
producing ability of different metabolic approaches, gene disruption and esterase 
introduction, was compared. In order to find out the location where the CPC-DAC 
conversion took place, assays were performed to evaluate the CPC-DAC conversion 
ability of whole cell preparation and cultivation broth of RT2. 
Studies on effects of medium compositions such as nitrogen sources (Tollnick et al., 
2004; Yokochi, 1998), soy oil (Karaffa et aL, 1999)，methionine (Demain and Zhang, 
1998; Huber and Tietz, 1983; Martin and Demain, 2002), and glucose (Jekosch and 
Ktick, 2000; Yang et al., 1996) to production of metabolites were performed. The 
components of medium were examined. In order to understand the importance of 
different types of nutrients, a number of production media were evaluated by 
small-scale fermentation. A factorial design approach was employed to examine 
the relative importance / contribution of each component to DAC production. In a 
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factorial design, individual factors were varied by either increasing or decreasing the 
concentration. All combinations of these varying factors in fermentation medium 
were tested. 
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5.2 Materials and Methods 
5.2.1 Comparison of DAC production in GHG232 and RTCAH transformants 
by small-scale fermentation 
A loop of cells was inoculated to 4mL of CCM medium as seed culture and grown at 
30°C, 250rpm, 4days, tilted. The culture was allowed to stand for 30min for cell 
sedimentation. One mL of the cell sediment was inoculated into 50mL of fresh 
CCM medium as starter culture and grown at 30�C, 250rpm, 24hr. A 1.5mL aliquot 
of the starter culture was transferred to 15mL of fresh CCM medium. The cells 
were cultured at 30°C, 250rpm and 500|LIL of fermentation broth was withdrawn 
daily and analyzed by HPLC. The fermentation process was proceeded for 5days. 
Each test was performed for three times. 
5.2.2 CPC conversion assay 
Five hundred jaM CPC solution was prepared in 50mM sodium phosphate buffer, 
pH7.5. RT2 cultivation was performed as described in section 3.2.3.1. The cells 
were washed with 50mM sodium phosphate buffer twice and resuspended in lOmL 
50mM sodium phosphate buffer. Ten mL of cell suspension was mixed with lOmL 
of CPC solution. The pH of the reaction mixture was maintained at pH7.5 by 0.5N 
NaOH. The reaction mixture was stirred at room temperature for Ihr. The 
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reaction was stopped and the products were analyzed by HPLC. The same reaction 
was carried out identically with 1 OmL of cell removed cultivation broth and 1 OmL of 
CPC solution. The experiment was performed twice. 
5.2.3 Evaluation of fermentation media 
Several types of production media from published literature (Tollnick et al, 2004) 
(Table 5.1) were evaluated for DAC production. A small-scale fermentation was 
performed with RT2 in all six media as described in section 5.2.1. The seed culture 
was prepared as in section 3.2.3.1. The volume of the fermentation was 5OmL with 
10% (V / V) inoculum. The fermentation took 8days. The components of the 
media were listed in Table 5.1. All experiments were performed for three times. 
5.2.4 Factorial design for medium formulation 
CSM was most effective for DAC production (section 5.3.3). The relative 
abundance of major components in CSM (CSL, NH4OAC, CaCOs, and sucrose) were 
varied and the effects were examined with RT2 fermentation (section 5.2.1). A total 
of 16 combinations were generated and evaluated for DAC production for a period of 
13 days. Additional tests were performed to evaluate the effects of starch, soy oil 
and methionine to DAC production (Table 5.2). All testes were performed twice. 
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CCM I CSM I Demain (DEM) 
Concentration (g L'') 
Tryptic soy broth 5.0 CSL 15.0 CSL 32.0 
Yeast extract 1.0 Sucrose 20.0 Glucose 1.0 
Meat extract 1.0 CaCOs 0.5 NKUOAc 4.4 
NaCl 0.5 NH4OAC 





pH 7.0 pH 6.8 pH 7.2 
Kuenzi (KUZ) | Ott (OTT) | Sawada (SWD) 
Concentration (g L'') 
CSL 23.6 Glucose 10.0 CSL 30.0 
Glucose 10.0 Starch 15.0 Glucose 10.0 
NH4OAC 4.5 CaCOs 1.5 Starch 30.0 
CaS04 0.5 (NH4)2S04 1.0 CaCOs 5.0 
MgS04 ^ 
pH 7.2 pH 7.0 pH 7.0 




Component Concentration g L'' 
CSL 20 10 
NH4OAC 6 2 
CaCOs ^ ^ 
Sucrose 30 10 
I I I i| 
(B) 
CSM medium with additives j 
normal methionine high methionine low methionine 
Methionine 0.1 0.15 0.05 
concentration (g L"') 
CSM control CSM + starch CSM + soy oil 
Starch (g L"') 0 0 
Soy-oil (g L-i) 0 0 10.0 一 
Table 5.2 Component analysis of fermentation medium 
(A) The high and low concentrations of each component in factorial design were 
listed. 
(B) Nutrients such as methionine, starch and soy oil were tested separately for DAC 
production. The concentrations were listed. 
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5.3 Results and Discussion 
5.3.1 Evaluation of DAC production profiles of GHG232 and RTCAH 
transformants 
GHG232 and RTCAH transformants RT2, RT4, RT6, RT8 were evaluated for DAC 
and CPC production by HPLC analysis. Wild type A. chiysogenum was included as 
control. The results were shown in Fig 5.1, 5.2 and 5.3. 
Wild type A. chrysogenum produced CPC as major metabolite, with a very low level 
of DAC. The level of CPC increased with incubation time but became plateau after 
4 days. The level of DAC increased slowly (Fig 5.1 A). GHG232, with its cefG 
gene disrupted, was unable to produce CPC (Fig 5.1 B). No CPC accumulated 
throughout the course of fermentation. DAC accumulated from Day 2 of the 
fermentation. However, the production rate was extremely low, even lower than 
that of wild type A. chrysogenum. RTCAH transformants, RT2, RT4，RT6 and RT8 
shared similar fermentation patterns (Fig 5.1 C, D, E, F). DAC production level 
was low at the beginning. The production rate increased from Day 3 and increased 
sharply on Day 4. The DAC level became plateau on Day 5. The CPC level 
increased steadily in the first three days but dropped sharply thereafter. The level of 
CPC dropped immediately after the level of DAC increased. 
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The DAC producing ability of RTCAH transformants was similar (Fig 5.2) with RT2 
had the highest productivity. Therefore, RT2 was chosen in subsequent studies. 
When comparing the DAC producing ability of RT2 to GH232 and wild type A. 
chrysogenum, it was found that the level in RT2 was highest (Fig 5.3)，followed by 
wild type A. chrysogenum (about 15.2% of RT2). The DAC producing ability of 
GHG232 was even lower (5.4% of RT2 and 35.8% of wild type A. chrysogenum). 
The absence of a transport protein for DAC might account for the low level of DAC 
in fermentation medium of GHG232. Intracellularly accumulated DAC might be 
oxidized by expandase / hydroxylase enzyme, leading to DAC hydrolysis (Baldwin 
et al., 1992). 
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Fig 5.1 CPC and DAC production profiles of (A) wild type A. chrysogenum, (B) 
GHG232, (C) RT2, (D) RT4, (E) RT6 and (F) RT8 
Various strains were fermented for five days and the CPC and DAC levels in the 
media were recorded daily. Fermentation was carried out at 30°C, 250rpm. 
Fermentation medium used was CCM. Different production patterns were 
demonstrated. The experiments were performed in triplicates. 
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Fig 5.2 DAC production profiles of RT2，RT4, RT6 and RT8 
Shake flask fermentation was performed with RT transformants and DAC level was 
recorded daily for 5 days. Fermentation was carried out at 30°C, 250rpm. 
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Fig 5.3 DAC production profiles of RT2, wild type A. chrysogenum and GHG232 
Shake flask fermentation was performed with RT2, GHG232 and wild type A. 
chrysogenum and DAC level was recorded daily. Fermentation was carried out at 
30°C, 250rpm. Fermentation medium used was CCM. The experiments were 
performed in triplicates. 
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It is known that CPC in fermentation medium spontaneously degrades to DAC and 
compound X (Usher et al., 1988). A significant level of DAC found in the 
fermentation broth of wild type A. chrysogenum might be due to extracellular 
degradation of CPC to DAC and compound X (Fig 5.1 A). The level of DAC was 
even higher than that of GHG232. It might be due to high production level of CPC 
by wild type A. chrysogenum. As fermentation continued, more CPC in the 
fermentation broth started to degrade. 
RTCAH transformants were effective DAC producers (Fig 5.3). The production 
profile of GHG232 indicated that intracellular accumulation of DAC led to low 
production level. Therefore, the high DAC production level in RTCAH 
transformants would not be due to intracellular conversion of CPC to DAC. The 
production profiles of RTCAH transformants showed that CPC was released into the 
fermentation medium at the beginning. DAC level increased with a drop in CPC 
level, indicating that CPC was converted to DAC after being released into the 
fermentation broth. Therefore, the conversion occurred extracellularly. 
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5.3.2 CPC conversion assay 
No pH drop was observed during the reaction using cultivation broth. However, 
using RT2 whole cell preparation, pH drop was observed and DAC generation was 
recorded by HPLC analysis (Fig 5.4). Study of R. toruloides cephalosporin C 
esterase speculated that the enzyme is membrane-bound (Politino et al, 1997). 
Therefore, it is interesting to find out whether the enzyme was membrane-bound 
when expressed in A. chrysogenum. The CPC conversion assay helped to locate the 
place of CPC-DAC conversion. The assay indicated that no enzymatic activity was 
found in the fermentation medium but conversion occurred using RT2 whole cell 
preparation, indicating that the enzyme was membrane-bound. 
From the results of fermentation study, it was concluded that gene disruption 
approach was less effective than introduction of an esterase for the generation of 
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Fig 5.4 CPC conversion assay 
(A) RT2 whole cell preparation and (B) fermentation broth of RT2. CPC was 
dissolved in 50mM phosphate buffer in SOO i^M concentration and added to 
fermentation broth and whole cell separately. Reaction was proceeded for Ihr and samples were analyzed with HPLC. The experiments were performed in triplicates. 
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5.3.3 Medium formulation 
Several types of fermentation media from published literature were evaluated for 
DAC production. Negligible level of DAC was detected in DEM and KUZ and a 
very small amount of DAC was produced in OTT. The productivity was improved 
by 3 fold in CCM. DAC production was higher in CSM and SWD (Fig 5.5). 
DAC production in CSM increased sharply after Day 3 and reached the highest level 
on Day 4. The DAC level decreased sharply afterwards and no DAC could be 
identified on the Day 7. Production level of DAC in SWD was lower than that in 
CSM. Nevertheless, no DAC was detected on Day 7 in both media. 
No DAC was detected in media DEM and KUZ. Observation of fermentation broth 
revealed that only few cells were present. The pH of these two cultures on Day 3 
was measured and it was found that the pH dropped (from 7.2 to 5.4). When 
referring to the components in the medium, there was no CaCOs added. CaCOs, 
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Fig 5.5 DAC production of RT2 in different media 
DAC productivity of six fermentation media was studied with fermentation of RT2. 
Fermentation was carried out at 30°C, 250rpm for 8 days and DAC level was 
recorded daily. The experiments were performed in triplicates. 
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During fermentation of A. chrysogenum, the pH dropped. CaCOs helped to 
maintain pH of the fermentation medium. Steady pH is very important in biomass 
formation and production of metabolite. Therefore, pH imbalance might be the 
factor attributed to no DAC production. 
No CSL (nitrogen source) was included in OTT. OTT consisted mainly of carbon 
sources (starch, glucose, and soy oil). Deficiency in nitrogen source hindered 
biomass formation which was observed in fermentation broth. In addition, amino 
acids L-a-aminoadipic acid, L-cysteine and L-valine are the three building blocks in 
CPC biosynthetic pathway (Fig 1.1). Lack of nitrogen source affected the supply of 
these amino acids and resulted in low level of DAC. 
CCM medium is a rich medium, which contains tryptic soy broth, yeast extract and 
meat extract. It contains glucose as the short term carbon source and dextrin as the 
long term carbon source. The medium is buffered by K2HPO4. DAC production 
level in CCM was higher than that in OTT by about 3 fold (Fig 5.5). 
DAC production was high in CSM and SWD (Fig 5.5). Both media use CSL as 
nitrogen source, either glucose or sucrose as short term carbon source and CaCOa as 
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pH regulator. CSM contained of NH4OAC, which might serve as extra nitrogen 
supply and therefore, contributed to higher DAC production level than SWD. In 
addition, SWD contained starch as long term carbon source, which might explain the 
extended duration of DAC production in this medium. DAC production level was 
highest in CSM and this medium was chosen for further study. Because CSM 
lacked a long term carbon source, starch and soy oil were added as supplements. 
The effect of methionine was also included as it was reported to enhance CPC 
production (Demain and Zhang, 1998; Herold et al, 1988). 
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5.3.4 Factorial design for medium formulation 
The effects of the relative abundance of the major components in CSM on DAC 
production were examined. The exact values of high and low concentrations of 
each component was listed in Table 5.2. 
5.3.4.1 CSL and NH4OAC 
DAC production in media with varied CSL concentration were compared (Fig 5.6). 
More DAC was produced in high CSL medium when the medium contained: high 
NH40Ac，high CaCOs, high sucrose (Fig 5.6 A) or high NH40Ac，high CaCOs, low 
sucrose (Fig 5.6 C). On the other hand, less DAC was produced in high CSL 
medium when the medium contained: low NH4OAC, high CaCOs, high sucrose (Fig 
5.6 E) or low NH4OAC, low CaCOs, low sucrose (Fig 5.6 H). In other combinations, 
the DAC levels had little difference. 
DAC production was compared in media with varied NH4OAC level. In all medium 
combinations (Fig 5.7)，higher DAC levels were observed in media with low 
NH4OAC. 
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In Fig 5.6, it was found that the effect of CSL on DAC production was small. High 
CSL concentration increased (Fig 5.6 A, C) or decreased (Fig 5.6 E，H) the DAC 
production level. It was found that such trend also depended on the NH4OAC 
concentration. When the media consisted of high NH4OAC, more DAC was 
produced in high CSL medium. When the media were consisted of low NH4OAC, 
more DAC was produced in low CSL medium. The mechanism of this effect was 
unknown. The effect of NH4OAC was clear. A lower NH4OAC content was 
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Fig 5.6 Comparison of DAC production at different CSL concentrations 
DAC production levels in media with high CSL ( • ) concentration and low CSL ( • ) 
concentration were recorded daily. Fermentation was carried out at 30�C, 250rpm 
for 13 days and the DAC level was recorded daily. The experiments were 
performed in duplicates. 
(A) Medium with high NH4OAC, high CaCOs, high sucrose. (B) Medium with high 
NH4OAC, low CaCOs, high sucrose. (C) Medium with high NH4OAC, high CaCOs, 
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Fig 5.6 Comparison of DAC production at different CSL concentrations 
(continued) 
(E) Medium with low NH4OAC, high CaCOs, high sucrose. (F) Medium with low 
NH4OAC, low CaCOs, high sucrose. (G) Medium with low NH40Ac,high CaCOs, 
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Fig 5.7 Comparison of DAC production at different NH4OAC concentrations 
DAC production levels in media with high NH4OAC ( • ) concentration and low 
NH4OAC ( • ) concentration were recorded daily. Fermentation was carried out at 
30°C, 250rpm for 13days and the DAC level was recorded daily. The experiments 
were performed in duplicates. 
(A) Medium with high CSL, high CaCOs, high sucrose. (B) Medium with high 
CSL, low CaCOs, high sucrose. (C) Medium with high CSL, high CaCOs, low 
sucrose. (D) Medium with high CSL, low CaCOs, low sucrose. 
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Fig 5.7 Comparison of DAC production at different NH4OAC concentrations 
(continued) 
(E) Medium with low CSL, high CaCOs, high sucrose. (F) Medium with low CSL, 
low CaCOs, high sucrose. (G) Medium with low CSL, high CaCOs, low sucrose. 
(H) Medium with low CSL, low CaCOs, low sucrose. 
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5.3.4.2 CaC03 
DAC production in media with different CaCOa concentrations was compared (Fig 
5.8). DAC levels were higher in high CaCOs media with high CSL concentration 
(Fig 5.8 A, C, D) with an exception of high CSL, low NH4OAC, high sucrose media 
(Fig 5.8 B) in which DAC levels in high and low CaCOs media had little difference. 
DAC levels had little differences between high and low CaCOs media when CSL 
level was low (Fig 5.8 E, F, G, H). 
CaCOa served as a pH regulator in fermentation medium. Media with higher 
CaCOs had a better pH balancing. High CSL media contained more nitrogen source 
which facilitated the growth of A. chrysogenum. The high metabolic rate led to 
rapid release of proton that lowered the pH value of the medium. Therefore, a high 
CaCOs medium with higher pH balancing led to higher DAC production. In low 
CSL medium, the low nitrogen source led to low metabolic rate of A. chrysogenum 
cells. A low level of CaCOs was sufficient to regulate the pH of the media，and 
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Fig 5.8 Comparison of DAC production at different CaCOs concentrations 
DAC production levels in media with high CaCOa ( • ) concentration and low 
CaCOs ( • ) concentration were recorded daily. Fermentation was carried out at 
30°C, 250rpm for 13days and the DAC level was recorded daily. The experiments 
were performed in duplicates. 
(A) Medium with high CSL, high NH4OAC, high sucrose. (B) Medium with high 
CSL, low NH4OAC, high sucrose. (C) Medium with high CSL, high NH4OAC, low 
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Fig 5.8 Comparison of DAC production at different CaCOs concentrations 
(continued) 
(E) Medium with low CSL, high NH4OAC, high sucrose. (F) Medium with low 
CSL, low NH4OAC，high sucrose. (G) Medium with low CSL, high NH4OAC，low 
sucrose. (H) Medium with low CSL, low CaCOs, low sucrose. 
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5.3.4.3 Sucrose 
DAC production in media with different sucrose concentrations were compared (Fig 
5.9). It was found that, high sucrose did not lead to high production of DAC in the 
first few days, but DAC production in high sucrose media was long-lasting and had a 
higher level. Sucrose was readily absorbed and utilized by the cells, thus the DAC 
level persisted. Fermentation in high sucrose media could last l-4day longer than 
low sucrose medium. 
Among all combinations in the factorial design, medium with lOg / L CSL, 2g / L 
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Fig 5.9 Comparison of DAC production at different sucrose concentrations 
DAC production levels in media with high sucrose ( • ) concentration and low 
sucrose ( • ) concentration were recorded daily. Fermentation was carried out at 
30°C, 250rpm for 13days and the DAC level was recorded daily. The experiments 
were performed in duplicates. 
(A) Medium with high CSL, high NH4OAC, high CaCOs. (B) Medium with high 
CSL, high NH4OAC, low CaCOs. (C) Medium with low CSL, high NH4OAC, high 
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Fig 5.9 Comparison of DAC production at different sucrose concentrations 
(continued) 
(E) Medium with high CSL, low NH4OAC, high CaCOs. (F) Medium with high 
CSL, low NH4OAC, low CaC03. (G) Medium with low CSL, low NH4OAC, high 
CaCOs. (H) Medium with low CSL, low NH4OAC, low CaCOs. 
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5.3.4.4 Starch and soy oil 
DAC production in normal CSM and CSM with starch / soy oil was compared. 
When starch and soy oil were added to the medium, the DAC level in the 
fermentation media became more persisted. Addition of starch produced highest 
level of DAC. The production level in medium with soy oil was similar. However, 
fermentation was the most persisted (13days) when soy oil was added to the medium 
(Fig 5.10). 
Soy oil and starch served as carbon sources in the fermentation. Addition of starch 
enhanced the production level of DAC. Prolonged fermentation was found in 
media with either starch or soy oil added. This indicated that extra carbon source, 
especially long term carbon source, was important in providing energy for cell 
maintenance and DAC production. In addition, it was proposed that lipid such as 
soy oil served as a major source for P-lactam production (Karaffa et al., 1999). 
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Fig 5.10 DAC production in CSM control (•)，CSM with starch ( • ) or soy oil 
( • ) 
Additional carbon sources such as starch and soy oil were added and their effects 
were evaluated with RT2 fermentation. Fermentation was carried out at 30°C, 
250rpm for 13days and the DAC level was recorded daily. The experiments were 
performed in duplicates. 
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5.3.4.5 Methionine 
DAC production in normal CSM and CSM with high / low methionine concentration 
was compared. DAC level in CSM with high methionine and normal methionine 
concentration were similar. However, CSM with low methionine concentration was 
having a lower DAC productivity than the other two (Fig 5.11). 
Previous studies reported that methionine helped up-regulate the expression of three 
genes (pcbAB, pcbC and cefE) that involves in the CPC biosynthetic pathway and 
thereby enhanced the CPC production (Velasco et al., 1994; Demain and Zhang, 
1998). However, the production of DAC did not increase with high level of 
methionine. On the contrary, the production level of DAC decreased with low 
methionine concentration. It was concluded that the methionine level in the original 
CSM recipe (normal concentration) was optimized and no effect was observed when 
methionine level was increased. 
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Fig 5.11 DAC production in high (•)，low (•)，and normal level ( • ) of 
methionine with constant level of CSM 
Methionine concentration was varied and the effects were evaluated with RT2 
fermentation. Fermentation was carried out at 30�C，250rpm for 13days and the 




In this study, plasmids pGHG and pRTCAHhyr were constructed and verified by 
restriction digestion and DNA sequencing (Chapter 2). Transformation cassettes 
GHG and RTCAH were prepared, and used to engineer a wild type strain of A. 
chrysogenum to generate DAC producing strains by metabolic engineering. 
Conventionally, the DNA transformation efficiency in A. chrysogenum was low. By 
studying different transformation parameters, an optimized transformation protocol 
was developed (Chapter 3). The optimized method consistently generated over 100 
transformants / \xg DNA, 4 fold higher than those reported (20 transformants / i^g 
DNA). The procedures can be miniaturized with reduced DNA requirement. 
DAC production ability of modified strains were examined and their genotypes were 
verified by PGR and Southern hybridization (Chapter 4). It was found that 
GHG232 was generated via homologous recombination of transforming DNA at the 
resident cefG gene. In RTCAH transformants, R. toruloides CAH integrated 
randomly into A. chrysogenum genome and left resident cefG intact. Introduction 
of the esterase gene transformed the wild type A. chrysogenum to become 
DAC-producing strains.. 
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Fermentation study (Chapter 5) indicated that RTCAH transformants were better 
DAC producers than GHG232. Therefore, introduction of esterase gene was a more 
appropriate approach to generate DAC-producing strains. The four RTCAH 
transformants produced similar level of DAC, with RT2 the best producer. The 
results of DAC production profiles and CPC conversion assay suggested that the 
esterase was expressed as a membrane-bound enzyme in A. chrysogenum and 
catalyzed the CPC-DAC conversion extracellularly. 
Six types of fermentation media were evaluated, SWD and CSM were found the 
most effective for DAC production. Factorial design of medium components 
revealed that NH4OAC was major determinant for high level DAC production. Low 
content of NH4OAC increased DAC production level. Exogenous carbon sources 
(sucrose, starch and soy oil) enhanced DAC production. Methionine was found not 
important to enhance DAC production. Further studies on medium formulation and 
optimization could be performed. Other parameters such as oxygen supply and pH 
can be optimized. 
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Appendix 
Study of reusability of commercial plasmid extraction kit 
Al Introduction 
Plasmid DNA has always been a very important tool in molecular biology for gene 
cloning, sequencing, transformation and protein expression. One of the traditional 
methods of plasmid preparation involves equilibrium centrifugation in CsCl-EtBr 
gradient (Sambrook et al, 1989). The method involves ultra speed and long time 
centrifugation which is labor-intensive and time consuming. Other methods involve 
alkaline or boiling lysis followed by EtOH / isobutanol precipitation. However, 
plasmids prepared from these methods may be resistant to enzyme digestion and 
contaminated with protein which requires further purification. In both cases, the 
DNA quality may not be suitable for downstream processing. 
Recent methods for plasmid extraction successfully tackled the problems by using 
ion exchange chromatography. A combination of alkaline lysis and ion exchange 
chromatography reduced the time and procedures to prepare plasmid DNA without 
contamination of RNA and protein. The quality of prepared DNA becomes much 
more reliable and suitable for applications such as cloning, in vitro transcription, 
PGR and sequencing. 
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Most commercially available plasmid preparation kits are simple and convenient by 
incorporating chromatography with alkali lysis. Different scales of plasmid 
preparation kits such as mini, midi and maxi prep kits are commercially available to 
prepare different amount of DNA up to lOmg 
(http://www I .qiagen.com/Products/PIasmid/LargeScaleKits.aspx). Although 
preparation kits for different scales of plasmid purification are available, there is still 
a limit of DNA amount that a single column can handle. In some cases, such as 
transformation of filamentous fungus, preparation of linearized DNA fragment from 
plasmid and gene therapy studies, large amount of plasmid DNA are needed (Gould 
et al., 2007; Nowak and Kiick, 1994; Walz and Kuck, 1993) and it would be too 
costly to employ commercial plasmid preparation kits. 
In this chapter, the potential of column regeneration from commercial kit was studied, 
in order to reduce the cost for massive preparation of plasmid DNA. 
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A2Materials and Methods 
A2.1 Preparation of competent E. coli DH5a cells 
RbCl method was used for preparation of competent E. coli DH5a cells 
(http://l30.15.90.245/e—coli—competent_cells.htm). E. coli DH5a cells were 
spread onto LB agar plate. After overnight incubation at 37°C, a single colony was 
picked and inoculated into 3mL sterile LB broth and cultured overnight at 37°C. 
One mL of the overnight culture was inoculated into lOOmL Psi broth (0.5% bacto 
yeast extract, 2% bacto tryptone, 0.5% MgSCU，pH 7.6). The cells were incubated 
at 37�C, 250rpm until A550 reached 0.48. 
The cells were then placed on ice for 15min followed by 5,000g centrifugation for 
Smin. The supernatant was removed and the cell pellet was resuspended in 0.4 
volume ofTfb l (30mM KOAc, lOOmM RbCl, lOmM CaCb, 50mM MgCb, 15% (v / 
V) glycerol, pH 5.8, filter sterilized). The cell suspension was placed on ice for 
another 15min. Afterwards, the cells were pelleted with 5,000g centrifugation and 
the supernatant was discarded. The cell pellet was resuspended in 0.04 volume of 
Tfbll [lOmM MOPS, 75mM CaCh，lOmM RbCl, 15% (v / v) glycerol, pH 6.5，filter 
sterilized] and placed on ice for 15min. The cells were then separated into 50)j.L 
aliquots in 1.5mL micro-centrifuge tubes. The cells were quickly frozen in liquid 
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nitrogen and then stored at -80°C. 
A2.2 Transformation and cultivation ofE, coli DH5a cells 
Plasmid pGHG was used throughout this study. About 0.1 ^ ig of pGHG plasmid 
was added to an aliquot (50|aL) of E. coli DH5a competent cells and gently mixed. 
The mixture was kept one ice for 30min, heat shocked at 42°C, 2min, and then 
placed on ice for 15min. Five hundred |iL of LB broth was added and the cells 
were regenerated at 37°C, 45min. The regenerated cells were spread onto LB agar 
plate with 50)ag / mL ampicillin. The plate was incubated overnight at 37°C. 
Single colony was inoculated to 3mL LB broth with sterile toothpick and grown 
overnight at 37�C, 250rpm. The culture was used as a starter culture and inoculated 
into 500mL of LB broth with SO i^g / mL ampicillin, and further into 2L LB broth 
after overnight incubation at 37°C, 250rpm. The cells were collected by 6 � 000g 
centrifugation for lOmin. The cell pellet was quickly frozen with liquid nitrogen 
and stored at -80°C for plasmid preparation. 
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A2.3 Column and solutions for plasmid DNA preparation 
In this part of the experiment, VIOGENE DNA/RNA extraction kit Midi-VlOO™ 
was used. Solutions based on recipe 
(http://info.med.yale.edu/mbb/kodle/protocols/protocol 一m o d i f i e d _ Q i a g e n _ p . h t m l ) 
with modifications were prepared to substitute VP1-VP6 solutions in VIOGENE 
DNA / RNA extraction kit Midi-VlOO™. 
Resuspension Buffer (VPl equivalent) consisted of SOrnM Tris-HCl, pH8.0, lOmM 
EDTA, pH8.0’ 25[ig / mL RNase A (Sigma), and was kept at 4�C. Lysis Buffer 
(VP2 equivalent) consisted of 0.2M NaOH, 1% SDS. Precipitation Buffer (VPS 
equivalent) consisted of 25% (w / v) KOAc and 13% (v / v) glacial acetic acid, pH 
5.5. Equilibration Buffer (VP4 equivalent) consisted of 0.75M NaCl, 50mM MOPS, 
pH7.0，15% EtOH, 0.15% Triton X-100. Washing Buffer (VPS equivalent) 
consisted of IM NaCl, 50mM MOPS, pHV.O, 15% EtOH. Elution Buffer (VP6 
equivalent) consisted of 1.25M NaCl, 50mM Tris, pH 8.5’ 15% EtOH. 
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A2.4 Plasmid preparation 
The procedures for plasmid DNA preparation were basically adopted from the 
VIOGENE kit (http://www.techtum.se/bilder/nyheter/viogene/protokoll/GDV.pdf). 
To every 50mL of cell culture, the cells collected (section A2.2) were resuspended in 
4mL of Resuspension Buffer. After that, 4mL of Lysis Buffer was added and mixed 
thoroughly. The mixture was allowed to stand for 5min at room temperature. 
Then 4mL of Precipitation Buffer was added and mixed thoroughly. White 
precipitate appeared during mixing. The mixture was centrifuged at 20,000g at 4°C, 
20min to pellet the white precipitate. The precipitate was discarded and the 
supernatant was loaded to column for plasmid DNA preparation. The column was 
equilibrated with lOmL of Equilibration Buffer, then 12mL of the supernatant was 
loaded to the column by gravity flow. The column was washed with 15mL Washing 
Buffer and finally the plasmid DNA was eluted with 5mL Elution Buffer. The 
eluate was collected with a 15mL snap cap tube and 0.75 volume was added and 
mixed. The mixture was kept overnight at -20°C to precipitate the DNA content. 
The precipitate was pelleted by 20，000g centrifugation. The supernatant was 
discarded and the pellet was washed with 3mL 70% EtOH. The pellet was air dried 
and dissolved in lOOjiL of sterile ddHaO. 
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A2.5 Regeneration and storage of DNA extraction column 
To regenerate, the column was washed with 30mL dcffibO and equilibrated with 
lOmL of Equilibration Buffer. For storage, the column was washed with 30mL 
ddH20, followed by 15mL of 20% EtOH. The column was immersed in 20% EtOH 
and stored at 4°C. To reuse, the column was first washed with 30mL of ddH20, 
followed by lOmL of Equilibration Buffer. The procedures were repeated. Two 
individual trials with different number of regenerations and repeats of preparation (11 
repeats, 22 repeats) were performed to examine the reusability of the column. A 
20% EtOH storage trial (5 repeats) was also performed to investigate the ability to 
regenerate the column after EtOH storage. 
A2.6 Yield and quality assessment of the prepared plasmid DNA 
The yield and quality of the prepared plasmid DNA were assessed to evaluate the 
sustainability of regenerated columns. The amount of the prepared plasmid DNA 
was evaluated by absorbance measurements at 260nm. By plotting trend line with 
the yield of plasmid DNA, an equation could be obtained in the form of y = ax + b. 
The average decrease of yield for each repeat (in terms of percentage) was estimated 
by the equation (a / b) x 100%. The purity was assessed by A260/ A280 ratio and 
A26O / A230 ratio to test for contamination of protein and organic compound 
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respectively. 
The quality of the plasmid DNA was assessed by Sfii restriction digestion (section 
2.3.1) and E. coli DH5a transformation. Plasmids from all repeats were subjected 
to Sfi\ restriction digestion. Plasmids from the first and last repeat in each trial were 
used to transform E. coli DH5a cells. After transformation the cells were spread 
onto LB agar plate with 50|Lig / mL ampicillin and incubated overnight at 37°C. 
CFU was counted and the transformability was assessed. The transformation was 
performed in triplicates. 
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A3 Results and Discussion 
A3.1 Plasmid DNA yield and purity comparison 
From every 50mL of cell culture, an average of 126.13}ig (SD 6.82^g) plasmid DNA 
was obtained with the VIOGENE kit, whereas 133.80|Lig (SD 7.69^g) plasmid DNA 
was obtained with the in-house prepared solutions. The A260 / A280 ratio of plasmid 
prepared with VIOGENE kit solutions and fresh column was 1.821 and the A260 / 
A230 ratio was 2.082. The A260 / A280 ratio of plasmid prepared with in-house 
prepared solutions and fresh column was 1.811 and A260 / A230 ratio was 2.138. In 
terms of the yield and purity of the prepared plasmid DNA, the in-house prepared 
solutions were comparable to the solutions from the VIOGENE kit. Therefore, the 
in-house prepared solutions substituted the VIOGENE kit solutions in following 
experiments. 
A3.2 Column regeneration and EtOH storage 
A3.2.1 DNA yield after column regeneration 
The reusability of the column was examined by two independent trials, (11 repeats 
and 22 repeats). Both trials showed little drop in DNA yield with increasing 
number of repeats (Fig. Al) . In the 11 repeats trial, the yield dropped by 0.76% for 
each repeat. In the 22 repeats trial, the yield dropped by 0.16% for each repeat. 
I l l 
The effect of EtOH storage on column reusability was examined by a five repeats 
trial. The results showed that the yield dropped by 0.16% for each repeat. 
A3.2.2 Purity of plasmid DNA 
The values of A260 丨 A280 ratio and A260 / A230 ratio of the prepared plasmid DNA in 
consecutive repeats were shown in Fig A2, Fig A3 and Fig A4. In column 
regeneration and 20% EtOH storage, no significant drop in performance and purity 
of plasmid DNA was observed. 
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Fig Al DNA yield after column regeneration 
Three trials were performed for regeneration of columns: 11 repeats trial, 22 repeats 
trial and 5 repeats 20% EtOH storage trial. DNA yield (|ig) was recorded after each 
regeneration. 
Symbols： • 11 repeats trial • 22 repeats trial X 20% EtOH storage trial 
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Fig A2 DNA purity after column regeneration in 11 repeats trial 
Column regeneration (11 repeats) was performed and the DNA purity was 
determined by A260 / A280 ratio and A260 / A230 ratio. 
Symbols: •A260 丨 A230 ratio •A260 丨 A280 ratio 
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Fig A3 DNA purity after column regeneration in 22 repeats trial 
Column regeneration (22 repeats) was performed and the DNA purity was 
determined by A260 / A280 ratio and A260 / A230 ratio. 
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Fig A4 DNA purity after column regeneration in 5 repeats 20% EtOH storage 
trial 
Column regeneration (5 repeats) was performed and the DNA purity was determined 
by A260 / A280 ratio and A260 / A230 ratio. 
Symbols: •A260 丨 A230 ratio •A260 丨 A280 ratio 
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A3.2.3 Restriction digestion 
Digestion of the plasmid DNA from the 11 repeats trial (Fig A5), the 22 repeats trial 
(Fig A6) and the EtOH storage trial (Fig A7) by Sfi\ released three fragments of sizes 
about 4.2kb, 2.9kb and 0.5kb respectively. 
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Fig A5 Plasmid pGHG digestion with Sfil after column regeneration (11 repeats 
trial) 
Plasmid pGHG was digested with S f f l after column regeneration (lanes 2-12). 
Three fragments of sizes 4.2kb, 2.9kb and 0.5kb were released. 
Lane 1: Ikb DNA ladder (Invitrogen) 
Lanes 2-12: digested sample from repeat 1-11. 
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Fig A6 Plasmid pGHG digestion with Sfil after column regeneration (22 repeats 
trial) 
Plasmid pGHG was digested with Sfi\ after column regeneration (lanes 2-12, 15-25). 
Three fragments of sizes 4.2kb, 2.9kb and 0.5kb were released. 
Lane 1: Ikb DNA ladder (Invitrogen) 
Lanes 2-12: digested sample from repeat 1-11. 
Lanes 15-25: digested sample from repeat 12-22. 
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Fig A7 Plasmid pGHG digestion with SJTi after column regeneration (5 repeats 
EtOH storage trial) 
Plasmid pGHG was digested with Sfil after 20% EtOH storage and column 
regeneration (lanes 2-6). Three fragments of sizes 4.2kb, 2.9kb and 0.5kb were 
released. 
Lane 1: Ikb DNA ladder (Invitrogen) 
Lanes 2-6: digested sample from repeat 1-5. 
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A3.2.4 E. coli DH5a cells transformation 
The CFU count (Fig A8) between transformations with plasmid DNA prepared with 
fresh column and after repeated regenerations showed no significant difference, 
indicating that the quality of the prepared plasmid DNA in both trials was similar. 
The findings demonstrated that regeneration of the column was effective to restore 
the plasmid extraction capacity of the column, and it was possible to store the 
column in 20% EtOH for long time. The DNA handling ability of a single 
VIOGENE DNA / RNA extraction kit column could be exploited for purification of 
milligrams of plasmid DNA by regeneration. This would sufficiently reduce the 
cost when preparing large amount of plasmid DNA. The above application was 
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Fig A8 Plasmid transformability after column regeneration 
Plasmids obtained from the first (shaded) and last (dotted) repeat of each trial were 
transformed to E. coli DH5a cells and CFU was counted. The experiments were 
performed in triplicates. 
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A4 Conclusive remarks 
The regeneration of plasmid preparation columns with in-house prepared solutions 
was studied. The results demonstrated that columns from commercial kits could be 
regenerated. It could also be stored in 20% EtOH for long term use. Therefore, by 




1. Arnold, K., Herrmann, A., Pratsch, L. and Gawrisch, K. (1985) The dielectric 
properties of aqueous solutions of poly(ethylene glycol) and their influence on 
membrane structure. Biochim. Biophys. Acta 815:515-518. 
2. Baldwin, J.E., Goh, K.C. and Schofield, C.J. (1992) Oxidation of 
deacetylcephalosporin C by deacetoxycephalosporin C/deacetylcephalosporin C 
synthase. J. Antibiot. 45:1378-1381. 
3. Barber, M.S., Giesecke, U.，Reichert, A. and Minas，W. (2004) Industrial 
enzymatic production of cephalosporin-based beta-lactams. Adv. Biochem. Eng. 
Biotechnol 88:179-215. ’ 
4. Basch, J. and Chiang, S-J.D. (1998) Genetic engineering approach to reduce 
undesirable byproducts in cephalosporin C fermentation. J. Ind. Microbiol 
Biotechnol. 20:344-353. 
5. Basch, J., Franceschini, T., Tonzi, S. and Chiang, SJ. (2004) Expression of a 
cephalosporin C esterase gene in Acremonium chrysogenum for the direct 
production of deacetylcephalosporin C. J. Ind. Microbiol Biotechnol. 
31:531-539. 
6. Brotzu, G. (1948) Research on a new antibiotic. Publications of the Cagliari 
institute of Hygiene. 
7. Chin-Sang, I.D. E. coli competent cells. Retrieved November 24, 2005 from The 
Chin-Sang Lab web site: http://130.15.90.245/e一coli_competent_cells.htm. 
8. Demain, A l . and Blander, R.P. (1999) The p-lactam antibiotics: past, present, 
and future. Antonie van Leeuwenhoek 75:5-19. 
9. Demain, A丄.and Zhang, J. (1998) Cephalosporin C production by 
Cephalosporium acremonium: the methionine story. Crit. Rev. Biotechnol 
18:283-294. 
10. DeModena, J.A., Gutierrez, S.，Velasco, J., Fernandez, FJ.，Fachini, R.A., 
Galazzo, J.L.，Hughes, D.E. and Martin, J.F. (1993) The production of 
cephalosporin C by Acremonium chrysogenum is improved by the intracellular 
expression of a bacterial hemoglobin. Biotechnology 11:926-929. 
124 
11. Elander, R.P. (2003) Industrial production of P-lactam antibiotics. Appl. 
Microbiol Biotechnol. 61:385-392. 
12. Gould, D.J., Yousaf, N.，Fatah, R.，Subang, M.C. and Chemayovsky, Y. (2007) 
Gene therapy with an improved doxycycline regulated plasmid encoding a 
TNFalpha inhibitor in experimental arthritis. Arthritis Res. Ther. 9:R7. 
13. Gutierrez, S.，Velasco, J., Fernandez, F.J. and Martin, J.F. (1992) The cefG gene 
of Cephalosporium acremonium is linked to the cefEF gene and encodes a 
deacetylcephalosporin C acetyltransferase closely related to homoserine 
0-acetyltransferase. J. Bacteriol 174:3056-3064. 
14. Gyuris, J. and Duda, E.G. (1986) High-efficiency transformation of 
Saccharomyces cerevisiae cells by bacterial minicell protoplast fusion. Mol. 
Cell Biol. 6:3295-3297. 
15. Haas, L.O.C., Cregg, J.M. and Gleeson, M.A. (1990) Development of an 
integrative DNA transformation system for the yeast Candida tropicalis. J. 
Bacteriol. 8:4571-4577. 
16. Hamlyn, P.F., Birkett, J.A., Perez, G and Peberdy, J.F. (1985) Protoplast fusion 
as a tool for genetic analysis in Cephalosporium acremonium. J. Gen. Microbiol 
131:2813-2823. 
17. Herold, T.，Bayer, T. and Schiigerl, K. (1988) Cephalosporin C production in a 
stirred tank reactor. Appl Microbiol Biotechnol 29:168-173. 
18. Huber, F.M. and Tietz, A.J. (1983) Defined media strategies for the biosynthesis 
of cephalosporin C. Biotechnol Lett. 5:385-390. 
19. Isogai, T.，Fukagawa, M.，Aramori, 1” Iwami, M.，Kojo, H., Ono, T., Ueda, Y.， 
Kohsaka, M. and Imanaka, H. (1991) Construction of a 7-aminocephalosporanic 
acid (7ACA) biosynthetic operon and direct production of 7ACA in 
Acremonium chrysogenum. Biotechnology 9:188-191. 
20. Jacob, S.W. and Herschler, R. Pharmacology of DMSO. Retrieved January 15, 
2007 from web site: http://www.dmso.org/articles/information/herschler.htm. 
125 
21. Jekosch, K. and Kiick, U. (2000) Glucose dependent transcriptional expression 
of the crel gene in Acremonium chrysogenum strains showing different levels of 
cephalosporin C production. Curr. Genet. 37:388-395. 
22. Juang, J.K. and Liu, H.J. (1987) The effect of DMSO on natural DNA 
conformation in enhancing transcription. Biochem. Biophys. Res. Commun. 
146:1458-1464. 
23. Kanouni, A.E., Zerdani, I.，Zaafa, S., Znassni, M., Lout, M. and Boudouma M. 
(1998) The improvement of glucose/xylose fermentation by Clostridium 
acetobutylicum using calcium carbonate. World J. Microbiol Biotechnol. 
14:431-435. 
24. Karaffa, L., Sandor, E., Kozma, J., Kubicek, C.P. and Szentirmai, A. (1999) The 
role of the alternative respiratory pathway in the stimulation of cephalosporin C 
formation by soybean oil in Acremonium chiysogenum. Appl Microbiol. 
Biotechnol 51: 633-638. 
25. Khetan, A. and Hu, W.S. (2003) Metabolic engineering of antibiotic 
biosynthesis for process improvement. Cell and Tissue Reactor Engineering. 
26. Koelle, M. Modified Qiagen plasmid mini-midi prep. Retrieved December 16， 




27. Koshinsky, H.A., Lee, E. and Ow，D.W. (2000) Cre-hx site-specific 
recombination between Arabidopsis and tobacco chromosomes. Plant J. 
23:715-722. 
28. Liu, G.，Casqueiro, J., Banuelos, O., Cardoza, R.E•，Gutierrez, S. and Martin, J.F. 
(2001) Targeted inactivation of the mecB gene, encoding cystathionine-y-lyase, 
shows that the reverse transsulftiration pathway is required for high-level 
cephalosporin biosynthesis in Acremonium chiysogenum CIO but not for 
methionine induction of the cephalosporin genes. J. Bacteriol. 183:1765-1772. 
126 
29. Lopes, F.J., de Araujo, E.F. and de Queiroz, M.V. (2004) Easy detection of green 
fluorescent protein multicopy transformants in Penicillium griseoroseum. Genet. 
Mol. Res. 3:449-455. 
30. Lyznik, L.A., Kamo, K.K., Grimes, H.D., Ryan, R., Chang, K.L. and Hodges, 
T.K. (1989) Stable transformation of maize: the impact of feeder cells on 
protoplast growth and transformation efficiency. Plant Cell Rep. 8:292-295. 
31. Martin, J.F. and Demain, A丄.（2002) Unraveling the methionine-cephalosporin 
puzzle in Acremonium chrysogenum. Trends Biotechnol. 20:502-507. 
32. Matsuda, A., Sugiura, H., Matsuyama, K., Matsumoto, H., Ichikawa, S. and 
Komatsu, K. (1992) Cloning and disruption of the cefG gene encoding acetyl 
coenzyme A: deacetylcephalosporin C O-acetyltransferase from Acremonium 
chrysogenum. Biochem. Biophys. Res. Commun. 15:40-46. 
33. Nowak, C. and Kiick, U. (1994) Development of an homologous transformation 
system for Acremonium chrysogenum based on the beta-tubulin gene. Curr. 
Genet. 25:34-40. 
34. Nowak, C.，Radzio，R. and Kuck, U. (1995) DNA-mediated transformation of a 
fungus employing a vector devoid of bacterial DNA sequences. Appl. Microbiol. 
Biotechnol 43:1077-1081. 
35. Poggeler, S.，Masloff, S.，HofF, B.，Mayrhofer, S. and Kiick, U. (2003) Versatile 
EGFP reporter plasmids for cellular localization of recombinant gene products 
in filamentous fiingi. Curr. Genet. 43:54-61. 
36. Politino，M.，Tonzi，S.M.，Burnett, W.V., Romancik, G. and Usher, J.J. (1997) 
Purification and characterization of a cephalosporin esterase from 
Rhodosporidium toruloides. Appl. Environ. Microbiol 63:4807-4811. 
37. QIAGEN. QIAGEN - Large-Scale Plasmid DNA Purification Kits. Retrieved 
January 15, 2007 from web site: 
http://wwwl.qiagen.com/Products/Plasmid/LargeScaleKits.aspx. 
127 
38. Rodriguez-Saiz, M., Lembo, M., Bertetti, L.’ Muraca, R., Velasco, J., Malcangi, 
A.，de la Fuente, J.L. and Barredo, J.L. (2004) Strain improvement for 
cephalosporin production by Acremonium chrysogenum using geneticin as a 
suitable transformation marker. FEMS Microbiol. Lett. 235:43-49. 
39. Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular cloning. Cold 
Spring Harbor Laboratory Press. New York. 
40. Skatrud, P.L., Queener, S.W.，Carr, L.G. and Fisher, D丄.(1987) Efficient 
integrative transformation of Cephalosporium acremonium. Curr. Genet. 
12:337-348. 
41. Skatrud, P.L., Tietz, AJ.，Ingolia, T.D., Cantwell, C.A., Fisher, D.C., Chapman, 
J丄.and Queener, S.W. (1989) Use of recombinant DNA to improve the 
production of cephalosporin C by Cephalosporium acremonium. Biotechnology 
7:477485. 
42. Specialty Minerals. Pharmaceuticals. Retrieved Apr 24, 2007 from web site: 
http://www.specialtyminerals.com/specialty-applications/specialty-markets-for-
minerals/pharmaceuticals/ 
43. Thykaer, J. and Nielsen, J. (2003) Metabolic engineering of p-lactam production. 
Metab. Eng. 5:56-69. 
44. Tollnick, C., Seidel, G.’ Beyer, M. and Schugerl, K. (2004) Investigation of the 
Production of Cephalosporin C by Acremonium chrysogenum. Adv. Biochem. 
Engin/Biotechnol 86:1 -45. 
45. Usher, J.J，Lewis, M.A.，Hughes, D.W. and Compton, B.J. (1988) Development 
of the cephalosporin C fermentation taking into account the instability of 
cephalosporin C. Biotechnol. Lett. 10:543-548. 
46. Velasco, J., Adrio, J.L., Moreno, M.A.，Di'ez, B.，Soler, G. and Barredo, J.L. 
(2000) Environmentally safe production of 7-aminodeacetoxycephalosporanic 
acid (7-ADCA) using recombinant strains of Acremonium chrysogenum. Nat. 
Biotechnol 18:857-861. 
128 
47. Velasco, J., Gutierrez, S.，Fernandez, FJ., Marcos, A.T., Arenos, C. and Martin, 
J.F. (1994) Exogenous methionine increases levels of mRNAs transcribed from 
pcbAB, pchC, and cefEF genes, encoding enzymes of the cephalosporin 
biosynthetic pathway, in Acremonium chrysogenum. J. Bacteriol 176:985-991. 
48. Viogene. Midi-VIOOTM Ultrapure Plasmid Extraction System. Retrieved 
January 13， 2007 from web site: 
http://www.techtum.se/bilder/nyheter/viogene/protokoll/GDV.pdf. 
49. Walther, A. and Wendland, J. (2003) An improved transformation protocol for 
the human fungal pathogen Candida albicans. Cum Genet. 42:339-343. 
50. Walz, M. and Kiick, U. (1993) Targeted integration into the Acremonium 
chrysogenum genome: disruption of the/?c^C gene. Curr. Genet. 24:421-427. 
51. Wikipedia. Cephalosporin. Retrieved September 8, 2005 from web site: 
http://en.wikipedia.org/wiki/Cephalosporin. 
52. Yang, Z.F., Schiigerl, K. and Lucas, L. (1996) The inhibitory mechanisms of 
glucose and carbon dioxide on the biosyntheses of penicillins and 
cephalosporins. J. Biotechnol 51:137-148. 
53. Yokochi, T.，Honda, D.’ Higashihara, T. and Nakahara T. (1998) Optimization of 
docosahexaenoic acid production by Schizochytrium limacinum SR21. Appl 
Microbiol Biotechnol 49:72-76. 
129 
• . 
• ••、.:"•• ， 
- , .‘• - • . 
• • • . . . . . . 
. ' . . : ‘ . . - ‘‘* 
‘ • . “ . , ,•.. ... .:’_•: 
• ‘  • ‘ . ‘ . . . . . . • 
. . . • ‘ . . . . . -
-- / • . 
. • • 、 •  •/•- ."，.. . , 
• _ ：‘ ！ • . .... 
i - . . . � . � . - • • . ' - .� .... • • 
.….• ;.： ...�.:.._..i.k.if -‘, ： ” "v. , 
• -i ••,• 1 iv- I： ：•• I ‘‘ '..-... - ‘ . 
• •� '.'i. ... v' w .. . .. •‘ - •  • ••-. 
• .� . ['.;. 'A --JiJ--- .-： "..-：： ‘ 
?.:、:： .、’^“：/⑶‘ ....’.‘之-..•； 
• ： • . � i . , i - : ‘ ‘ , . . . . . ' 、 々 ： ： : . . ' • ’ . . . . 
•/.' /...’.. ... - , ‘ ， . I ； . . . . . . . . . 
. , 7 ...."’ - - + • • V • ： • • • . . . . V ’ � � . � . . ： -- > / � ��� . . � ‘ . • 
C U H K L i b r a r i e s 
_圓_111111 
0 0 4 4 3 9 8 9 7 
